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THE considerable bulk of the auuual volume of Transactions has induced the 
Publication Committee to direct that the full list of members of the Society 
should be omitted from the preliminary matter therein. The list which would 
have been published here is that which was corrected up to July, 1895, and was 
issued as a second edition of the Sixteenth Catalogue. The following summary 
records the number of members in each grade : 


* These Life Members are included in the total membership above, in the class to which 
they belong. 
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RULES OF THE AMERICAN SOCIETY OF 


1. The. objects of the AmeRIcaN oF 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 


sional papers, and to circulate, by means of publication among 
its members, the information thus obtained. 

Art. 2. All persons connected with engineering may be eli- 
gible for admission into the Society. 

Art. 3. The Society shall consist of Honorary Members, 
Members, Associates, and Juniors. 

Art. 4. Honorary Members, not exceeding twenty-five in 
number, may be elected. They must be persons of acknowl- 
edged professional eminence. 

Art. 5. To be eligible as a Member, the candidate must be 
not less than thirty years of age, and must have been so 
connected with engineering as to be competent as a designer 
or as a constructor, or to take responsible charge of work in 
his department. or he must have served as a teacher of engineer- 
ing for more than five years. 


NoTEe.—The Rules of the Society, adopted in 1880, were in force until 1884, 
when they received a general revision by a careful committee, whose report, dis- 
tributed by letter ballot, was adopted November 5, 1884. In December, 1894, 
a similar extensive revision was made under direction of the Council, and the 
present rules are those of 1894. They include the amendments made in 1889, 
1891, and 1898, which were the only changes since the revision of 1884.0 
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with engineering as to competent to take charge of work, 
and to cooperate with engineers. 
Art. 7. To be eligible as a Junior, the candidate must have 
had such engineering experience as will enable him to fill — ; 
a responsible position, or he must be a graduate of an engineer- = a 
ing school. 
Art. 8. All Honorary Members, Members, and Associates 
shall be equally entitled tothe privileges of membership. Jun- . 
lors shall not be entitled to vote, nor to be officers of the 
Society. 
Art. 9. Nominees for Honorary Membership must be pro- 
posed by at least five Members who are not officers of the 
Society. References shall not be required of a nominee for 
- Honorary Membership, but the grounds upon which the appli- 
- eation is made must be fully set forth in writing and signed by 
the proposers. 
ArT. 10. A candidate for admission to the Society, as a 
_ Member or as an Associate, must make an application on a form 
to be prepared by the Council, which shall contain a written 
a statement giving a complete account of his engineering ex- 
_ perience and an agreement that he will, if elected, conform 
to the laws, rules, and requirements of the Society. He must 
refer to at least five Members or Associates personally known 
to him. A candidate for admission to the Society as a Junior 
- must make an application on the same form and refer to not 
a less than three Members or Associates personally known to 
him. 
Art. 11. The referees for each candidate for admission to 
the Sogiety shall be requested to make a confidential communi- 
cation on a form to be prepared by the Council, setting forth in 
detail such information, personally known by the referee, as 
_ shall enable the Council to arrive at a proper estimate of the 
_ eligibility of the candidate for admission to the Society. Such 
- confidential communications shall be destroyed by the Secretary 
as soon as the vote has been officially declared. 
Art. 12. All applications for membership must be presented 
‘ to the Council, and this body shall consider each application, 
- assigning to each, with the applicant’s consent, the grade in 


; Art. 6. To be eligible as an Associate, the candidate must ae 
Soe be not less than twenty-six years of age, and must have the other 
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the Society to which, in its opinion, his qualifications entitle 
him. The names of those candidates recommended for election 
by the Society shall be immediately printed on a ballot, and the 
ballot mailed at once by the Secretary to each voting member 
of the Society. Persons desiring to change their grade of 
membership from junior to associate or from associate to 
member shall make an application in the same manner and on 
the same form as that required for a new applicant. 

Art. 13. A member entitled to vote may leave the name of 
any candidate on the ballot untouched to vote in favor of the 
admission of the candidate to the Society, or he may erase the 
name to vote against it. He shall enclose the ballot so 
approved by him in a sealed blank envelope, and enclose this 
envelope in a second envelope, on which he shall write his 
name, and mail the same to the Secretary of the Society. A bal- 
lot without such endorsement shall be rejected as defective. 
The rejection of a candidate by seven voters shall defeat his 
election. 

Art. 14. The aforesaid envelopes containing the ballots shall 
be opened by the Council, at any meeting thereof, and the names 
of those elected shall be announced in the next meeting of the 
Society. The names of applicants not elected shall not be an- 
nounced, nor recorded in the proceedings. 

Art. 15. Endorsers of any applicant not elected may, within 
three months after such failure to be elected, lay before the 
Council written evidence that an error was then made. The 
Council may then, by a three-fourths vote, order another similar 
ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate. 

Art. 16. Honorary members shall be elected by the unani- 
mous vote of the Council, through a letter ballot, not less than 
sixty days subsequent to the proposal, a notice of which pro- 
posed election shall have been mailed at once by the Secretary 
to each member of the Council. 

Art. 17. Each person elected, excepting honorary members, 
must subscribe to the Rules of the Society, and pay the initia- 
tion fee before he can receive a certificate entitling him to the ’ 
rights and privileges of the Society, and to wear the emblem 
appropriate to his grade. If this payment is not made within 
six months of the election, the same shall be void, unless the 
time is extended by the Council. The emblems of each grade 
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of membership shall be worn by those only who belong to that 
grade. 

Art. 18. The initiation fee of a member or an associate shall 
_ be twenty-five dollars, and the annual dues shall be fifteen dol- 
— lars, payable in advance. The initiation fee of a junior shall be 
fifteen dollars, and his annual dues ten dollars, payable in ad- 
- vance. A junior being promoted to any other grade of member- 
_ ship shall pay an additional initiation fee of ten dollars. Any 
member or associate may become a Life Member in the same 
grade, by the payment of two hundred dollars at one time, and 
shall not be liable thereafter to annual dues. 

The Council shall have the power, for special reasons, by 
unanimous vote, through a letter ballot, to admit to life member- 
ship, without the payment of the sum above named, such person 
as for a long term of years has been a member or an associate, 
when such a procedure would in its judgment be for the best 
interests of the Society ; provided that notice of such action shall 
have been given at a previous meeting of the Council. 

ArT. 19. Any member of the Society in arrears may, at the 
discretion of the Council, be deprived of the publications of the 
Society, or, when in arrears for one year, he may be stricken 
from the list of members. Such person may be restored to the 
privileges of membership by the Council on payment of all 
arrears. 

Art. 20. The affairs of the Society shall. be managed by a 
Council, consisting of a President, six Vice-Presidents, nine 
Managers, and a Treasurer, who sliall also be the Trustees of 
the Society. 

All past (ex) Presidents of the Society, while they retain 
their membership therein, shall be known as Honorary Coun- 
cillors, and shall be entitled to receive notices of all meetings of 
the Council and may take part in any of its deliberations ; they 
shall be entitled to vote upon all questions except such as affect 
the legal rights or obligations of the Society or its members. 

Art. 21. The members of the Council shall be elected from 
among the members and associates of the Society at the annual 
meetings, and shall hold office as follows: 

The President and the Treasurer for one year; and no person 
shall be eligible for immediate re-election as President who shall 
have held that office for two consecutive years; the Vice-Presi- 
denis for two years, ane | the pean Aon three years ; and no 
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election to the same office at the expiration of the term for which 
he was elected. 

Art. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year bya majority of the members of _ 
the Council at its first meeting after the annual election, or as 
soon thereafter as the votes of a majority of the members of the _ 
Council can be secured for a candidate. The Secretary may be 
removed by a vote of twelve members of the Council, at any 
time after one month’s notice has been given him by a majority 
of its members to. show cause why he should not be removed,. 
and he has been heard to that effect. The Secretary may take 
part in any of the deliberations of the Council, but shall not 
have a vote therein. His salary shall be fixed for the t.me he 
is appointed by a majority vote of the Council. 

Art. 23. At each annual meeting, a President, three Vice- 
Presidents, three Managers and a Treasurer shall be elected, 
and the term of office of each shall continue until the end of the 
meeting at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually 
pertain to their offices or may be delegated to them by the 
Council or by the Society. The Council may, in its discretion, 
require bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its 
tmembers, declare the place of any officer vacant, on his failure 
for one year, from inability or otherwise, to attend the Council 
meetings, or to perform the duties of his office. All such va- 
cancies and those occurring by death or resignation shall be 
filled by the appointment of the Council, and any person so ap- 
pointed shall hold office for the remainder of the term for which 
his predecessor was elected or appointed; provided that the 
said appointment shall not render him ineligible at the next 
annual meeting. 

ArT. 26. Five members of the Council shall constitute a 
quorum. Members of the Council absent from a meeting may 
vote by letter upon subjects stated in the call for the meeting, 
said vote to be deposited with the Secretary. 

Art. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two 
members of each Committee shall expire at the end of each 
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Art. 41. Unless otherwise ordered, papers shall be read in 
the order in which their text is received by the Secretary. 
Before any paper appears in the T’ransactions of the Society, a 
copy of the paper shall be sent to the author, and, so far as 
possible, a copy of the reported discussion shall be sent to 
every member who took part in the same, with requests that 
attention shall be called to any errors therein. 

Art. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, 
except in the matter of official publication with the Society’s 
imprint, as its Transactions. The Secretary shall have sole 
possession of papers between the time of their acceptance by 
the Publication Committee and their reading, together with the 
drawings illustrating the same ; and at the time of such reading, 
or as soon thereafter as practicable, he shall cause to be printed, 
with the authors’ consent, copies of such papers, “ subject to re- 


vision,” with such illustrations as are needed for the Transac- 


tions, for distribution to the members and for the use of technical 
newspapers, American and foreign, which may desire to reprint 
them in whole or in part. The policy of the Society in this 
matter shall be to give papers read before it the widest circula- 
tion possible, with the view of making the work of the Society 
known, encouraging mechanical progress, and extending the 
professional reputation of its members. 

Art. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, 
and all members shall have the right to order any number of 
reprints of papers at a cost to cover paper and printing ; pro- 
vided, that said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings; and it is understood that papers and discus- 
sions should not include matters relating to politics or purely 
to trade. 

Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present; provided, that 
written notice of the proposed amendment shall have been 
given at a casas meeting. 
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form of specimen...... 
results .. 
246. Sibley College engine, 
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301, 302. Relative transverse strength to stretch of iron... 
303. View of crystals of cast iron. 

304. Machine for observing shrinkage of iron. 


308, 309. 4126 


811. ‘ .faces 1130 
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314. Combined electric light and power 


817-319. 


821-326. Horse-power planmimeter.......... 1161-1165 
327. Portrait of E. F.C. sll 
328. Eckley B. Coxe.. 
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Please correct in text as follows: 


Page 916, line 7, for Dean read Deane. 


Page 1115, Table X, transpose the sub-headings of the last right-hand 
column. The figures under Area 1.10 are those for Area .3750” 
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DECEMBER 3d TO 7th, 1894. 


IFTEENTH ANNUAL MEETING OF THE SOCIETY. 


| is 


BEING ALSO THE 


im 


DCVI. 


inewst odd OF THE 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 


Dewember 8d to December 7th, 1804. 


THE opening session of the Fifteenth Annual Meeting was made Pe 
-more an opportunity for the assembling members to meet together 
to renew: old acquaintance and to begin new friendships. The © S 
rooms of the Society were opened from : an early hour on the even- 
in of Monday, December 3d, 1894, but at nine o’clock the pres 
dent called the Society together i in the comfortable auditorium of — - 
the Library Association, and announced that there would be dis. 
- cussion on two topics of professional interest. Messrs. Scheffler, _ 
Aldrich, Suplee, Warner, Oberlin Smith, Emery, Woolson, Cart- 
wright, and Fry took part in the discussion on the “General | 
Principles Underlying a Judicious Connection of Steam Boilers to 
the Engines which they were to Drive;” and Messrs. Miller, Chase, — 
Cruikshank, Magruder, Jaques, Oberlin Smith, Halsey, Clark, 
and Wright discussed the most convenient method of filing clip- 
pings and other professional memoranda for convenient reference. | Bas 
Announcements were made as to the entertainments and other — ae 
_ provisions for the comfort of visitors during the convention, and as 
Messrs. J. H. Webster and George W. were appointed by 
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PROCEEDINGS OF = 
count. ‘the ballots. ‘cast by the membership in the uitinen for 


officers for the ensuing Society year. 
A recess was then taken until the following morning, the mem 
ie bers remaining for social opportunity until a late hour. 


Srconp Day.—Turspay, DrecemBer 4TH. 


_ The regular sessions of the annual meeting began with the 
sis session of this morning, at ten o’clock, in the auditorium. The 
registration of members, even at this early session, showed that 
2 “eae the meeting was to be an unusually large one, and the record 
before the end of the meeting showed that the size and numerical 
- guecess of the meeting was to be unprecedented. - The plan was 


adopted of numbering the lines on the official register, and pro- 
ae viding that the usual button badge worn at the Society’s conven- 


— tion should bear a number corresponding to the number on the tf 
- register. It will be seen that by this expedient every one could oe 
- geiewan ascertain the name of every one else without the 
oe embarrassment of a direct question to this end, and the prac- 

— tical result showed that the meeting was one of the most success- 
“ tal on the social side that had ever been held. The register 
Pt, showed the following persons in attendance from the list of 


members. The total registered, including guests, was four hun- 
dr nd thirty. 
d ed a hi y iat 
Aborn, Geo. P. Batchelor, Chas. ‘Butcher, J. J. 
Ackerman, W. S. ‘Bauer, C. A. ight Buzby, C. E. 7 
Alden, Geo.I. Beach, Giles. Cadwell, W. D. 
Aller, A. Beardsley, Arthur. Caldwell, 
Almirall, J. A. Billings, C. E. Camp, Geo. E. id 


Almond, T.R. Bisse, H. Campbell, Gordon, 
Almy, D. Blackburn, A. H. Canfield, H. 
Anthony, G. C. Boenig, R. W. Ca enter, H. A. 
Tp 
Ashley, F. N. Bole, W. A. Garter, H. W. 
Baker, C. W. A, Bond, G. M. Cartwright, R. 
Baldwin, F. L. Bourne, 8. N. Cary, A. A. 
Baldwin, F. R. Boyer, F. Chase, H. 8. 
Bang, H. A. W.H. W. L. ff 
Barnes, A. T. Brady, Jas. Childs, A. E. 
Barnum, Geo. 8. Brashear, J. A. Christie, W. W. 
Barr, Jno. H. Bristol, W. H. Clark, 8. J. ‘ 
Barr, H. P. «Bulkley, H.W. Clark, T.C. a 
Barratt, E. G. Bullock, E. R. bas Clark, Walton. 
Barrus, Geo. H. Burnham, Wm. Cobb, Geo. H. ty 
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Cogswell, W.B..- Frith A.J. A. A. 
Cole, F. J. ‘Fritz, John. WS. 
Conover, E. K. tion . Hutchinson, C. T. 
Connell, J. A. Hutton, F. R., See'y. 
Conrad, H. V. Gaskin, E. F. 
Coxe, Eckley B., Pres. Gilkerson, J. A. |  Idell, 
Cieelman, Frank. Gillis, H. A. Jacobi, A. W. 
Cruikshank, B. Gobeille, J. L. Jaques, W. H. 
Cruikshank, L. B. Goetz, V. J. Jenkins, M. C. Hi 
Cullingworth, Geo, R. Gordon, Alex. Jenks, W. H. 
Curtis, R. E. Goubert, A. W. Johnson, A. E. 
Dale, O. G. Gould, W. V. Jones, F. C. 
Daniels, F. H. Graves, E. Jones, Washington. 
Darling, E. A. Green, S. M. Kafer, J. C. 
Dashiell, W. W. @reensmith, J. E. Kaven, M. 
Davis, E. F. C. @reen wood, P. F. Keep, Ww. 
Dean, F. W. Grimm, P. H. 
Deane, Chas. P. Grover, LC: W. C. Be 
W. H. Guilford, W.M. King, C. C. 
DeSchweinitz, P. B. Gwilliam, Geo. T. | Ring, W. R. 
Dinkel, Geo. Hale, R. S. Kirebhoff, Charles, 
Doane, W. H. Halsey, F. A. Klein, J. 8, 
Dobbins, 8. D. Hamilton, J. V. Knickerbacker, 
Dripps, W. A. Hand, S. A. Knight, A. F. 
Durfee, W. F. Hart, Cc. E. Kruesi, John. 
Eaton, R. W. Hartness, Jas. Laforge, F. H. 
Edwards, L. T. -Haskins, H. 8. Lager, C. A, 
‘Emery, Chas. E. Hawkins, W.C. Lane, J. 8. 
Engel, L. G. Hayward, F.H. . Langlotz, Chas. 
Estrada, E. D. Hemenway, F.F. Langlotz, Robert. © 
Faber DuFaur, A. Henderson, Alex. —iLaza, G. 
‘Field, B. K. Henderson, Geo. R. F. A. 
Flagg, 8. G. Hibbard, H.D. Logan, W. J. 
 Flather, F. A. Hibbard, H. W. 
Fleming, W. R. Geo. Loring, C. H. 
Forbes, W. B. Hillard, J. C. F. R. 
Forney, F, N. Holloway, J.F. Ludlow, W. 0. 
Foster, EB. H. Hopton, W.E. Lyall, W. LL. 
Foster, J. D. Hoppes, J. J. MeDuffie, 
Fowler, Geo. L. Horstman, H. J. elpanit McElroy, 8. 
Francis, W. H. Hough, D. L. Jno. 
_-Frevert, H. F. Bunt, McKee, J. J. 


McMannis, Wm. 
Manning, C. H. 


Marx, Henry. 
Mason, W. B. 
Matlack, D. J. 
Matlack, J. R. 
Meatz, J. T. 
Melvin, D. N. 
Messenger, F. M. 
Meyer, H. 
Miller, F. J. 
Milier, H. B. 
Miller, L. B. 
Marble, H. M. 
Mayo, J. B. 
Monaghan, W. F. 
Montgomery, H. M. 
Moore, D. G. 
Moore, M. F. 
Morgan, C. H. 
Morgan, P. B. 
Morison, G. S. 
Morris, H. G. 
Morse, C. M. 
Mouilthrop, Leslie. 
Muller, T. H. om 
Mumford, E.H. | 
Nason, C. W. 
Naylor,E.W. 
Newcomb,C.L. 
Nicoll, C. H. 
Norris, H. McCoy. 
Norris, J. H. 
Norris, R.V. A. 
Owen, Jas. 
Painter, Wm. 
Palmer, Geo.E. 
Parsons, H. DeB. 
Partridge, 
Payne, 8. F. 
‘Pearson, W. A, 
Peek, G. M. 
Penney, E. 
Pentz, A. D. 

Phillips, Franklin. 
Pickering, 
Piers, Franvk. 
Pike, W. A. 

Pitkin, 8. H. 
Platt,Geo.H. 
Platt, J no. 
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Poliock, Jas. 
Pomeroy, 
Porier, C. T. Ad 
Porter, Wm. 
Quimby, W. E. aig 
Rankin, T. L. 
Redwood, I. I. 
Rettew, C. E. 
Richards,C.R, 
Richards, F.H. 
Richards, Frank. 
Richmond, Geo, 
Ridgway,J.T. 
Roberts, P. ite 
Reberts, Wm. 
Robinson, J.M. 
Rockwood, G. I. 
Roelker, H. B. 
Ross, E. G. 
Rowland, A. E. 
Rowland, C. B. 
Rowland, G. 
Rowland, T. F. 
Rusby, J. M. 
Sague, J. E. 
Sahlin, A. 
Sargent, J. W. 
Scheffler, F. A. | 
Scholl, J. S. 
Schutte, L. 
Schwanhausser, Wm. 
Seavey, J. F. 
Sewall, M. W. 
Seymour, J. A. 
Shirrell, D. 
Simonds, Daniel. 
Sinclair, A. 
Sinclair, Geo. M. 
Smith, A. P. 
Smith, Chas. F. - 
Smith, H. W. 
Smith, Oberlin. 
Snell, H. I. 
Souther, H. 
Spies, A. 
Spillsbury, E.G. 
Stangiand, B.F. 
Stanley, A. W. 

Stanton, John. 

Stearns, A. 


ts 
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Stevens, E. A. 

Stillman, F. B. 

Stockly, G. W 

Stuart, R. T. 

Stiles, N.C. 

Strong, G. S. 

Suplee, H. H. 

Sweet, J. E. 
Taber,Geo.H, 
Tabor, H. 
Taylor, J. T. 
Taylor, W.M. 
Thomas, E. G. Wa itl) 
Thomas, E. W. ‘a 
Thomson, John. ui 
Tilden, J. J. 
Tolman, J. P. 
Torrance, K. 

Torrey, H. G. 

Towl, F. M. 

Towne, H. R. 

Trautwine, A. 

Tucker, W.B. 

Upson, L. A. 

Vanderhoef, G. N. 

Varney, W. W. 
Waldron, F. A. 
Walworth, A. C. 
Ward, W. E. 
Ware, J. A. 
Warner, W. R. 
Warren, B. H. 
Webb, J. B. 
Webber, S. 
Webber, W. O. 
Webster, J. H. 
Webster, W. R. 
Weeks, G. W. 
Wellman, 8S. T. 
West, T. D. 
Wheeler, F. B. 
Wheeler, F. M. 
Wheeler, Seth. 
Wheeler, S. S. 
Wheelock, J. 
White, H. C. 
White, M. | 
Whitehead,G.B. 
Whitney, B. D. 
Whitney, W.M. 
Whittier, Charles. 
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NEW YORK MEETING: 

Wiggin, W. H. Wood, De V. Williams, O. L. 
Wilcox, J. F. Wood, M. P. iva Wyman, H. W. 
Wiley, W. H., Treas. Woodbury, C. J. H. Yereance, W.B. .. - 
Wiley, W. 0. Woolson, O. C. York, H. W. 
Winship, J. @. Wright, J. Q. Qehnder,C.Ho 
Wolff, A. R. Wright, L. 8. gn. bie a? 


The first regular order of business was the Report from the 


~ Council, read as follows : 


ANNUAL REPORT OF THE COUNCIL. 

The Council of the American Society of Mechanical Engineers 

begs leave to report to the membership of the Society, under 
Article 35 of the Rules, the following business transacted during 
the Society year ending December 1, 1894. 
Six meetings have been held for business, at which the grading 
of applications for membership and other matters came up for 
consideration. 
Applications have been received from a number of technical 
- institutions, requesting that their libraries might be put upon the 
list of those who are to receive the volumes of Zransactions gra- 
tuitously, as they are issued each year. These requests have been 
granted in the cases of institutions which by their charter give 
_ to their students a degree in engineering, and, in some cases, to 
make their series complete, back volumes have been transmitted 
to such libraries at the usual members’ rate of half the price at 
which they can be purchased by outsiders. 

The Council has directed the Treasurer to withdraw from the 
Bleecker Street Savings Bank and from the Merchants’ Clerks’ 
Savings Bank the sum of $2,503.29, which had been held by him 
in trust on account of contributions for the development of the 
Society’s Library. This sum has been reinvested in bonds of 
the Mechanical Engineers’ Library Association, bearing interest 
at 5 per cent., the income from such investment to be devoted to 
the development of the Library, in pursuance of the terms of the 
original subscription. 

Letters of thanks have been received by the Council from 
various organizations of foreign engineers, expressing in warm 
terms their appreciation of courtesies extended to members of 
these societies on the occasion of their visits to this country 
during the siieeiien year and the period of the Chicago Expo- 
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_ The Society of Naval Architects and Marine Engineers, the 
Institute of Electrical Engineers, the American Society of Heating 
and Ventilating Engineers, and the New York Railroad Club 
have made arrangements for the holding of their professional 
ari sessions in the hall and auditorium of the American Society of 
_ Mechanical Engineers. The policy of encouraging the grouping 
around itself of a number of societies with which it can be in 


er the Exposition, the sum of $200, being the proportion coming to 


a ex. this Society of the surplus remaining in the hands of that body 


at the close of the Exposition. The subscribers were notified 
that if they desired their pro rata of this surplus, it would be 
refunded to them, but an opportunity was given them to con- 
— tribute this small sum to the very considerable expenditure made 
by the Society in the redemption of obligations imposed by the 


_ presence in this country of so many foreign visitors, and also to 
meet the heavy extra expenditure for printing, etc., involved in 
_ the conduct of the Mechanical Section of the Engineering Con- 
gress. It will appear from the report of the Finance Committee 
_ that the Society has not been able even yet thoroughly to recover 
from the strain on its resources entailed by these conditions. 
Messrs. W. J. Keep and E. D. Estrada have been added to 
the Society’s Committee on Uniform Standards of Test Speci- 
mens and Methods of Testing Materials, and Mr. R. W. Hunt 
_ has been appointed in place of Henry R. Towne, resigned. 
The Council has expressed itself as of the opinion that it would 
_ be of advantage that the committee of this Society on Standard 
Gauges for Thickness of Metals should codperate with a similar 
committee of the American Railway Master Mechanics. 
The Canadian Society of Civil Engineers has appointed as a 
Committee of Conference on this subject Messrs. Herbert Wallis, 
- John Barnett, and G. H. Duggan. 
The Council has received from the Society of Civil Engineers 
of France a most cordially expressed resolution of thanks for 
courtesies received at the hands of members of this Society repre- 
senting the party of engineers who went to Europe in 1889, and 


SS eS close affiliation is a policy which the Council believes to be a 
calculated to strengthen the position and widen the influence of 
a : eae the Society in the industrial activity of the country. a 
ae The Council have received back from the Executive Committee 2 a2 
ae of Engineering Societies who conducted the Engineering Head- oe 
$ 
= 


who to discharge something of the obligation then 
incurred, when the French engineers visited America in September _ 
and October of 1893. Accompatiying this resolution were litho- _ 
graphed souvenirs presenting the portraits of those members eo 
the French Society who were entertained in the Society’s house 
and elsewhere, together with a few medals which had been struck — in 
in Paris fn commemoration of the visit. se 

The Council have accepted an invitation to hold tue meeting of | 
the spring of 1895 in the city of Detroit, Mich. 
Since the last report in December, 1893, the following losses by 
death are to be chronicled ; 
_ Franz Grashof, . George H. Babcock, 
J. Flach, John H. Harris, 
B. Weaver, George Selden, 


E. B. Wall, A, Lanphear, 


. The present membership, including those elected at this ae ne 
ing and favorably acted on by the voting membership, is 1,690, 3 i, 
and is distributed among the grades as follows: 


Members 


The Council would also present the report of its tellers, who poe 
have been appointed to count the ballots cast for the election of _ 
members since the last meeting of the Society in June, 1894. Fs a 


REPORT OF THE TELLERS OF ELECTION. 

The undersigned were appointed a committee of the Council, 
to act as Tellers (under Rule 13), to scrutinize and count the 
ballots cast for and against the candidates proposed for member- 

ship in the American Society of Mechanical Engineers, and — 

election before the Thirtieth Meeting, New York, 1894. 
. They have met upon the designated day, in the office of the 
Society, and have proceeded to their duty. They would 

< ie certify, for formal insertion in the records of the Society, to the 
# _ election of the persons whose names appear on the appended list, 
to their respective grades. 
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There were 486 votes cast on the blue ballot, of which 15 wet 
thrown out because of informalities (the members voting having 


neglected to indorse the sealed envelope). 
Lee 


Tellers of E 


As MEMBERS. 


Appleton, Charles B., Jones, Charles E., Quick, Howard Prescott, — 
Bunn, Frank Wilson, Levin, Arvid Michael, Rettew, Charles E., 
Buzby, Charles Ernest, Lister, Robt. Ramsbottom, Rodgers, Mayron Knox, 
Collins, Reuben Gilbert, Loomis, Frederick James, Schoff, George C., 
Creelman, Frank, McArthur, Robert, Taber, George H., Jr., 
Decrow, David Augustus, Mesta, George, Thompson, Hugh L., 
Eaton, Russell William, Mullin, Joseph P., Tolman, James P., 
Herreshoff, J. B. F., Owen, James, Wheeler, Seth. 
Hutchinson, Cary Talcott, Pierce, Richard H., 


As ASSOCIATES. 


Edwards, Odgen Jay, Richards, Robert Haynes, Smith, Pemberton, — 
et fy 
PROMOTIONS TO FULL MEMBERSHIP. 


gue. . Hibbard, H. Wade, Mayo, John B. 


As JUNIOR MEMBERS. 


Allen, John Robins, Girvin, Charles Jefferys, Middleton, Percy Howe, 
Armstrong, William M., Hall, Thomas, Mitchell, Benjamin M., — 
Ashley, Frank M., Hunt, William Floyd, Planting, Peter, 

Brown, Walter §., Hurd, Hobart J., Slater, Fred’k Raymond, 
Bush, Harold Montfort, King, Walter Grant, . Smith, Harry E., x 
Childs, Arthur Edward, Langlotz, Robert, Wood, Albert Carroll. real 
Corey, Fred. Brainard, Malvern, Lewis Keith, asi eae z 

Dobbins, Stephen Decatur, Meyer, Henry Coddington, fea 


At the close of the report of the Council, the second order of 
business was the report of the Finance Committee, which was as 
follows : 


ANNUAL REPORT OF THE FINANCE COMMITTEE OF THE AMERI- 
CAN SOCIETY OF MECHANICAL ENGINEERS, 1893-1894. 


The Finance Committee of the American Society of Mechanical 
Engineers would respectfully report to the Council the following 
statement of receipts and disbursements on behalf of the Society, 
under their direction, during the year from November 1, 1893, to 
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Initiation Fees $2,295 00 


20,050 43 


Engraving 

Life Memberships 
Contingencies 

Postage and Express 
Interest on Investment 


House Supplies and Furniture 
Chicago Headquarters (rebate) 
Office Expenses 


$1,000 00 $28,355 24 
2,508 29 


$29,858 53 $1,000 00 $30,858 53 
Baiance in Treasurer’s hands first of year.. 159 68 159 68 


Grand Totals $30,018 21 $1,000 00 $31,018 21 


7 General Printing and Stationery 
Reprints and Publications 
Postage and Express 
Salaries 6,894 14 
_ Office Expenses 285 69 
_ Engraving 1,454 49 1,454 49 
a Contingencies : 108 60 108 60 
1,539 55 1,539 55 
850 64 
642 43 
729 15 
100 90 
17 00 
8,004 16 
600 00 
400 00 


| 
Past Dues... 809 35 809 35 
Sales of 1,207 09 1,207 09 
= 
600 00 $400 00 1,000 00 
, 
Repai 4 00 wees 4 00 
Library Permanent Fund................. 2,503 2 
= 
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Disbursements.—Continued. 
Accounts. 
Library (book purchase) 
Chicago Headquarters (subscrip. repaid)... 
$27,455 92 $1,000 00 $28,455 92 
Bonds Bought (Library Permanent Fund).. $2,502 08 2,502 08 
$29,958 00 $1,000 00 $80,958 00 
Balance in Treasurer’s hands, Nov., 1894.. 60 21 60 21 


$30,018 21 $1,000 00 $81,018 21 


In explanation of and comment on the above report, the com- 
mittee begs to call attention to the following . 2 eeateall 
SuMMARY OF RECEIPTS AND DISBURSEMENTS. 
nt Less Cash received from Permanent Library 


Total Cash receipts (regular sources)....... $27,355 24 


Cash Balance in Treasurer’s hands, Novem- 
ber, 1893 159 68 


Total Receipts $27,514 92 


Receipts. 


Disbursements. 


Total Cash disbursements, 1893-94 ........ $20,958 
Less amount of Cash from Permanent Li- 
brary Fund expended for bonds .. 2,502 08 


Actual Disbursements for Expenses. $27,455 92 
Total Balance in ‘Treasurer’s hands 
November, 1894, as shown in 


Statement above $60 21 
Portion of this balance which is Sea 


Balance of regular receipts, 1893-94. . 
$27,514.98 
From the above it will be seen that the cash receipts from regu- 
lar sources for the year, with the balance on hand at the first of 
the year, exceed the disbursements made for expenses by $59. 
In explanation of the item of $2,503.29, mentioned in the state- 
ment of receipts above, it should be said that this is the amount 
which has been reported in previous years as standing to the 
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- credit of the Society in Savings Banks. Thissum has grown from _ 
_ the subscriptions paid in by members of the Society on a special _ 
subscription to a fund for the creation and maintenance of the "4 
_ Society’s library, from the years 1884 to 1891. The detail of the 
subscription was very fully recorded in Volume XIL., “ Proceed- 
ings of the Annual Meeting at Richmond, Va.” Since the annual. 
dues were increased, there has been no charge made on account 
_ of these old subscriptions, which were considered as cancelled by 
the increase in the annual payment, and the aggregate has been 
held by the Treasurer accumulating interest. By instruction of 
the Council in December, 1893, this sum was drawn from the 
- savings bank January 1, 1894, and was used for the purchase, at 
par, of five per cent. interest-bearing bonds of the Mechanical 

_ Engineers’ Library Association. The interest from this invest- 

ment is to be devoted, in accordance with the terms of the orig- 
inal subscription, to the purchase of books, and for other expenses 
=" -—counected with the development of the library of the Society. 
_ These bonds are held by the Treasurer of the Society in trust, and 

a ms so appear on the books and records of the Society. 

OF the actual cash disbursements for 1893-94, the sum of 
$4,183.26 was for bills belonging to the year 1892-93, which have 

been received and paid during the year which has just closed. 
Deducting this amount—which was due to the extra expense en- 

_ tailed in 1892-93 on account of its being the Columbian year, when 
"expenses were greatly increased—from the total cash disburse- 
ments for expenses, i.e, $27,455.92 less $4,183.26, we have 
$93, 272.66, which sum is the amount of the disbursements for the 
_ year 1893-94, for expenses of that year. 

There remain unpaid outstanding bills, at the end of the year 
- 1893-94, for expenses of that year, amounting to $3,526.25, and 
adding this amount to the amount expended for this purpose, as 
; aa shown above—i.e., $23,272.66—we have $26,798.91, which sum is 
the total actual expense for the year 1893-94. 
Therefore : 


2 


‘i par Less the actual amount of expenses for that year, as shown above... 26,798 91 


' : Shows an excess of receipts over expenses for that year $716 01 


Of the original issue of bonds of the Mechanical Engineers’ 
Library Association, amounting to $32, 000, holding 
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of the ia i 

acquired from the uxiginal, holders either through purchase at par, 
surrender in exchange for life memberships, or gift. Of this 
amount, $3,500, as shown in statement of receipts and disburse- 
ments, have been acquired in the year 1893-4, as follows : 


Purchased with Permanent Library Fund, as per instruction of the 
Council, as mentioned above 
Surrendered by original holders for life memberships in 1893-4... ... 
Gift—Bonds received from Mr. Stephen Wilcox ($300) and Mr. 
George H. Babcock ($300), which were held in trust by the 
Society during the life of these gentlemen, the interest on which, 
as per ternts of the gift, was used to pay their annual subscrip- pols abt 
- tions to the Sinking Fund of the Mechanical Engineers’ Library = 
_ Association, but which, at their death, reverted to the Society... . 600 00 


Total Bonds $3,500 00 


; ‘This makes an investment of $19,000 belonging to the Society, 
and bearing interest at five per cent. per annum, and leaves 
$13,000 worth of the original issue of bonds still in the hands 
of members of the Society, and secured by mortgage held by the 
Title Guarantee and Trust Company, as trustees for the bond- 
holders. 

At the end of the year the total amount due the Society, and 


Dues, 1893-4, from 151 persons 
Back dues previous to 1893-4, from 56 persons..... okclite 
Badges, volumes, etc., etc., from 8 persons 

Initiation fees, from 6 persons 


Total uncollected..... dp $3,355 76 


It will be noted that this sum which the Finance Committee 
has as yet been unable to collect, but which is due the Society 
and which the said committee has every expectation of being 
able to collect, is about enough to cover all outstanding indebted- 
ness, which amounts to $3,526 25, thus showing that if all that is 
due the Society at the end of the year which has just closed had 
been collected, nearly all bills for the year could have been paid, 
even though we also paid bills for 1892-3 amounting to $4,123.86, 
belonging to last year. . 

In view of the depression in all branches of industry during the 
past year, the committee have been more lenient than usual with 
delinguents, and instead of drawing sight drafts on all those who 


| 
| 
| 
2 
| 
127 28 
130000 
ay 


were in arrears fc for dues at the expiration of sis months, only 
a few men were drawn on; but to all others personal letters were _ oa 
written, requesting them if possible to remit before the end of the —=— 
year, or to advise us when we could look for such a remittance, 
and in every case where a request was made for an extension it | 
was immediately recorded. But no one remains in arrears from 
neglect who still desires to retain his connection with the 
Society, and the open accounts are those who, through ill health, _ 
misfortune, or other good reason, have requested the extension __ 
which the Rules allow. Pea 
When it is considered that in such a hard year asthe one which 
has just closed there are only one hundred and fifty-one men in — 
arrears out of a total membership of nearly seventeen hundred, 
the committee considers it a matter of congratulation as showing 
the healthy interest taken in the Society by itsmembers. 
Respectfully submitted, 
BY the Finance Commitee. 
REPORT OF THE LIBRARY AND HOUSE COMMITTEE. 
The House Committee of the Society, entrusted with the duties 
_ of superintending and providing for the interests of the Society's if 
a. ary, which is maintained by the Mechanical Engineers’ Library _ 
_ Association as part of the consideration which passes between __ 
~ the two organizations in their relations as landlord and tenant, — 
beg leave to report: cas 
That the use of the library by students and other readers, as 
_ well as by the members of the Society, has steadily increased. 
_ A register of those who make use of it shows that its privileges 
Ps - have been enjoyed by between three and four thousand persons — 
during the year, particularly in the evening and upon holidays. © ee 
The Committee makes a special point of keeping the library open | Aas ae 
at these times, when the absence of demands of other business 
makes it possible for those closely engaged to avail themselves of 
privileges extended. 
_ During the winter of 1894 a number of members arranged B22) 
assemble on stated evenings for professional profit. The topies 
a papers read at the 1894 evenings were “ The Steam Engines of be 
the Water-tube in the U.S. 
and “ Machines 
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lantern slides, and attracted from sixty to a hundred members, 
resident and non-resident. These reunions were in no sense 
meetings of the Society, but only of individual members of it, and 
their expenses were entirely borne by those in attendance and 
who looked after their details. 

The Mechanical Engineers’ Library Association is the owner 
of the house in which the Society has its rooms, the latter paying 
to the former a yearly rental in cash and in the form of the right 
to use its books and periodicals. 

The report of the finances of this Association is made to the 
entire membership of the Mechanical Engineers through the 
channel of the House and Library Committee, and is appended 
to this report. 

The sleeping apartments upon the upper floors of the Society’s 
house have been abundantly used during the entire year, and in 
some cases the demand for this accommodation has far exceeded 
the supply. The plan of having apartments of this sort at the 
service of non-resident members has been very popular and has 
been warmly supported, and will be continued as a feature of 
the Society’s life. Those who make use of these facilities find 
themselves enjoying all home comforts, and the opportunity for 
meeting their professional brethren in a way which has proved 
most enjoyable. The income from this source, which passes to 
the credit of the Library Association, will be seen to reach nearly 


LIBRARY ASSOCIATION: ANNUAL REPORT OF THE TRUSTEES OF 
eh MECHANICAL ENGINEERS’ LIBRARY ASSOCIATION, 1893-1894. 


as a. summary of receipts and disbursements of the Trustees 
from November 1, 1893, to November 10, 1894, is appended below: 


Balance on hand November 1, 1893 $285 54 7 
Receipts Fellowship Fund $230 00 ge 
“Sinking Fund 588 00 


Receipts. 
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Disbursements. 
Total Disbursements....... $6,366 61 61 
Cash in Bank to balance ............... 0eeesese 199 38 
$6,565 99 
Assets. 
an 
House and lot, 12 W. 31st St., New York City...... .«» $65,000 Meoiuic ae 
i, die 
- Bills Receivable (Office and Room Rent, 1,415 79 
Receivable (Subscriptions to Sinking Fund, uncol- 
ing 


First Mortgage held by N. Y. A. 00 


Second Mortgage Bonds held by Members of the A. 8. 


Second Mortgage Bonds held by Council of A. 8. M. E. ohh eee 

Excess of Assets over Liabilities............. $16,985 79 
vary 
The tellers appointed to count the ballot for officers presented — 


their report at the conclusion of the foregoing, which had been 
set up in type and was distributed at the meeting. Their report 
was as follows: 
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Whole number of ballots cast 
For President 
Vice-Presidents.......... F. H. Ball 
....Jesse M. Smith 
Robert Forsyth. ......... 
James M. Dodge...... 
Wm. H. Wiley 
Managers John C. Kafer 


se 


aia Twenty ballots were thrown out as informal. 


W. WEEKs. 


New York, December 4, 1894. 


The next matter of business was the action on certain amend- 
ments to the Rules of the Society, of which notice had been given 
at the Montreal meeting, as required in Art. 45 referring to such 
amendments. The Chair reported that the amendments as 
originally proposed had received very careful consideration in the 
Council, both by the body as a whole and by sub-committees 
extending over several meetings. He reported to the meeting 
the unanimous opinion of the Council, that the effect of these 
amendments will be beneficial to the Society, and that their 
adoption is recommended. The proposed amendments had been 
printed side by side with the Rules now in force, and had been 
distributed in advance of the meeting, to secure their careful con- 
sideration by the membership in advance of the session at which 
they were to be considered. The distribution of the printed 
amendments by the Secretary at the meeting, and the remarks 
of the President, were considered as a motion made and seconded 
that the Society proceed to consider and adopt the proposed 
amendments. One or two verbal alterations in the proposed 
Rules were suggested by Mr. Henning, and the motion as amended 
was put in the form : 


Resolved, That the Society proceed to vote on the amendments proposed, such 
amendments to be subject to slight verbal alterations, which have been suggested 
and which are to be considered by the Council, and, if approved, incorporated 
into the accepted amendments. 


The Secretary, in presenting the proposed amendments, spoke 


est 


Respectfully submitted, J.H. Wessrer, 


“ ....Chas. A. Bauer....... .. 644 
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The Secretary.—It might be advisable for me to call the atten- 
tion of the members to the essential changes incorporated into — 
the amendments, which are really very few. Article 2 is to 
increase the number of persons eligible for membership. The — 
Council, in considering the proposed changes, discovered that — 
there was no provision in the Rules for the eligibility of electrical 
engineers. The Society is fourteen years old. Its rules were — 
amended ten years ago materially, and the profession of electrical 
engineering has really grown up during the past ten years,so that == 
the first thing done was to put electrical engineers in among those — 
eligible for membership. And then it was decided tomake the 
article broader, so that we would not need to amend it for the 
next twenty-five years, for we did not know what new forms of pie 
engineering would come up, which leads to the considerable _ 
amendment of Article 2, making all persons connected with — 
engineering eligible toadmission into the Society. Another thing _ 
is to insert in the Rules an age limit, with the idea that probably a 
man less than thirty years of age, excepting in very remarkable cases, 3 2 
would not have sufficient professional experience to qualify him | “oa 
to be the kind of man we wanted the full members of this Society — Z 2a ee 
to be. But there are a great many good men who are not thirty — 
years of age. In order to meet that | particular case, the qualifica- — rs . 
tions were y wideriod in Article 6, for a candidate for membership _ 2 
in the associate grade, making them very much higher than for a 
the old associate grade. The. junior is practically as it was, that aug 
being a grade which has been found very useful. The practical — 
eS working of these rules will be that a young man coming into the | 
Society as a junior will usually be promoted first to the associate ee 
grade, when he has passed the twenty-six-year limit, if he chooses, __ 
__ and from the associate grade he will be then promoted to the full 1 ate 
oy member’s grade, when he shall have passed the thirty-year limit. ee a 
ye The intent of all this is to enhance the value of membership. All 
i us who are now members have our membership mean just so 
—" more by the passage of that rule. Then the rest of the _ 
amendments followi ing Article 6 are really to put intothe Rules 
= and procedure which have grown up in the management aaa! 
the Society’s business during the last ten years, and 4 
while not inconsistent with the Rules, were not definitely 
2 All the articles following No. 9 really make no prac 
_ tical change in the practice of the Society. Article 8 is a distinct ee a 
_ addition, giving to members of the Society the right to 
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vote and to hold office, which they did not have before. It has 
been thought that any man to whom the title of honorary member 
could be given was a man on whose judgment we could very prop- ried 
Society ; and if that occasion ever arises, then the Rules should 

not obstruct the practicability of carrying it out. 

The President calls my attention to a change in new Article 
4, replacing old Article 5. Honorary members, under the old 
rule, had to be persons of acknowledged professional eminence, 
who had virtually retired from practice. That cut us out from 
having some very helpful and excellent honorary members, and a 
good many of our honorary members have not virtually retired 
from practice, so that that was simply cut out in order that we 
might have the benefit of acknowledged professional eminence 
without decrepitude. 

Mr. Jos. C. Platt.—I would like to ask the Secretary one 
question. He made a statement which rather struck me as indi- 
cating that it was the intention that juniors should become asso- 
ciates before becoming members. Is there anything in the rules 
to make it appear that that is really desired? The word associate 


in many societies has frequently come to mean people who are 
akin to its main object and not active in it, and if you say a man 
is an associate member of this Society, you think he might per- 
haps be a stock-holder in a manufacturing establishment. He 
would be an associate, but he might not. know anything about 
the manufacturing, except paying his assessments or getting his — 
dividends. Yet he could properly be said to be associated with — 


mechanical engineers. I ask the question whether it is really 
expected that a junior shall become an associate before he becomes 
a member. 

The: Secretary—New Article 6 really provides for two dis- 
tinct classes of men. To be eligible as an associate the candidate 2 
must be not less than twenty-six years of age, and must have the __ 
other qualifications of a member. You will see that that puts — 
into the associate grade men who are not less than twenty-six | 
years of age, and have all the other qualifications of membership | 
except the age of thirty years. So that that type of associate is _ 

a man who is eligible to promotion to full membership as soon as _ 

he passes the thirty-year limit. Then following the word “or” 
is the other class of associates, which is the one to which Mr. | 
Platt bas referred—an associate who is the type of man in busi- __ 
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ness relations with engineers. The council and committee in 
charge, in considering that question, faced this alternative: either — 
to take in these fairly competent fellows who are between twenty- + 
six and thirty into a fourth grade of membership, or to include 
them in one of the present grades. It was thought that the asso- 
ciate grade might be made inclusive of these two classes. 

man who has the qualifications of membership is eligible to ole 
motion to member after passing thirty years of age; the other is" 
“not, no matter how old he is. ax 

As to Mr. Platt’s second question, that is covered i in Article 12, 
a “ Persons desiring to change their grade of ears from 


- application in the same manner and on the same form as that beer 


Puc 


required for a new applicant. ” That is to say, the usual and 
eso procedure for a junior who passes the twenty- six-year 
- limit will be his promotion into the associate grade, and on pass- 
cai af ing the thirty-year limit he will be eligible for further promotion. 
. But it is not the intent to compel this double change unless the ~ 
= ni desires it. He can remain a junior till he has passed ge 


The text of the amendments, which were then before the a 
Society for action,as amended by vote of the Council, with respect 
_ to the minor verbal infelicities, was as follows: 


ART. 2. All persons connected with engineering may be eligible for admissio: F i 
into the Society. 
_ Art. 8. The Society shall consist of Honorary members, Members, Associates, 
and Juniors. 
ia ART. 4. Honorary members, not exceeding twenty-five in number, may te 
elected. They must be persons of acknowledged professional eminence. 
ArT. 5. To be eligible as a member, the candidate must be not less than 
thirty years of age, and must have been so connected witl engineering as to be 
‘ competent as a designer, or ss a constructor, or to take responsible charge of 
work in his department, or he must have served as a teacher of engineering for 
more than five years. 
ART. 6.'To be eligible as an associate, the candidate must be not less than 
_ twenty-six years of age, and must have the other qualifications of a member ; 
or he shall have been so connected with engineering as to be competent to take 
Charge of work and to codperate with engineers. 
; ArT. 7 To be eligible as junior, the candidate must have had such engi- 
_ neering experience as will enable him to fill a responsible position, or r he must be 
graduate ¢ of an 


‘ys a 
step. It is expected the doublé step w | ae 
associate has a vote for officers and members, and the junior has ee 
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All honorary. members, members, and. asso¢iates shall be 
entitled to the privileges of membership. Juniors shall not be entitled to vote, 
nor to be officers of the Society. 

ART. 9. Nominees for honorary membership must be proposed by at least five 
members who are not officers of the Society. References shall not be required 
of a nominee for honorary membership, but the grounds upon which the appli- 
cation is made must be fully set forth in writing and signed by the proposers. 

ArT. 10. A candidate for admission to the Society, as a member or as an asso- 
ciate, must make an application on a form to be prepared by the Council, which 
shall contain a written statement giving a complete account of his engineering 
experience, and an agreement that he will, if elected, conform to the laws, rules, 
and requirements of the Society. He must refer to at least five members or 
associates personally known to him. A candidate for admission to the Society 
as a junior must make'an application on the same form, and refer to not less 
than three members or associates personally known to him. 

ART. 11. The referees for each candidate for admis-ion to the Society shall be 
requested to make a confidential communication on a form to be prepared by 
the Council, setting forth in detail such information, personally known by the 
referee, as shall enable the Council to arrive at a proper estimate of the eligi- 
bility of the candidate for admission to the Society. Such confidential commu- 
nications shall be destroyed by the secretary as soon as the vote has been 
Officially declared. 

ArT. 12. All applications for membership must be presented to the Council, 
and this body shall consider each application, assigning to each, with the appli- 
cant’s consent, the g:ade in the Society to which, in its opinion, his qualifications 
entitle him. The names of those candidates recommended by the Council for 
election by the Society shall be immediately printed on a ballot, and the bailot 
mailed at once by the secretary to each voting member of the Society. Persons 
desiring 10 change their grade of membership from junior to associate, or from 
associate to member, shall make an application in the same manner and on the 
same form as that required for a new applicant. 

ArT. 13. A member entitled to vote may leave the name of any candidate on 
the ballot untouched to vote in favor of the admission of the candidate to the 
Society, or he may erase the name to vote against it. He shall enclose the bal- 
]..ts so approved by him in a sealed blank envelope, and enclose this envelope in 
a second envelope, on which he shall write his name and mail the same to the 
secretary of the Society. A ballot without such indorsement shall be rejected as 
defective. The rejection of a candidate by seven voters shall defeat his election. 

ART. 14, The aforesaid envelopes containing the ballots shall be opened by 
the Council, at any meeting thereof, and the names of those elected shall be: 
announced in the next meeting of the Society, The names of applicants not 
elected shall not be announced, nor recorded in the proceedings. 

Arr. 15. Endorsers of any applicant not elected may, within three months 
after such failure to be elected, lay before the Council written evidence that an 
error was then made. The Council may then, by a three-fourths vote, order 
another similar ballot by the Society, in which case thirteen negative votes shall 
be required to defeat the candidate, 

ArT. 16. Honorary members shall be elected by the unanimous vote of the 
Council, through a letter ballot, not less than sixty days subsequent to the pro- 
posal, a notice of which proposed election shall have been mailed at once by the 
secretary to each member of the Council. 
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Arr, 17. Each person elected, excepting honorary members, must anbastibe Gey) 
to the rules of the Society, and pay the initiation fee before he can receive a cer- ‘ 
tificate entitling him to the rights and privileges of the Society, and to wear the 
emblem appropriate to his grade. If this payment is not made within six _ 
months of the election, the same shall be void, unless the time is extended by i 
the Council. The emblems of each grade of membership shall be worn by those _ 
only who belong to that grade. 

ART. 18. The initiation fee of a member or an associate shall be twenty-five _ 
dollars, and the annual dues shall be fifteen dollars, payable in advance. The ot a 
initiation fee of a junior shall be fifteen dollars, and his annual dues ten dollars, 
payable in advance. A junior being promoted to any othergrade of membership _ 
shall pay an additional initiation fee of ten dollars. Any member or associate may 
become a life member in the same grade, by the payment of two hundred dollars 
at one time, and shall not be liable thereafter to annual dues, 

The Council shall have the power, for special reasons, by unanimous vote, 
through a letter ballot, to admit to life membership, without the payment of the _ ; 
sum above named, such person as for a long term of years has beena member > 
or an associate, when such a procedure would, in its judgment, be for the 
best interests of the Society ; provided that notice of such action shall have ay 
been given at a previous meeting of the Council. 

ArT. 19. Any member of the Society in arrears may, at the discretion of the _ 
Council, be deprived of the publications of the Society; or, when in arrears for 
one year, he may be stricken from the list of members. Such persons may be | 
restored to the privileges of membership by the Council on payment of all — 
arrears, 

Art, 26, Five members of the Council shall coastitute a quorum. Members _ 
of the Council absent from a meeting may vote by letter upon subjects stated in — 
the call for the meeting, said vote to be deposited with the Secretary. 

ART. 29. It shall be the duty of the Publication Committee to receive all 
papers contributed, and to decide upon which papers, or parts of the same, shall sy 
be presented at the professional meetings of the Society. They shall see that all =p 
editorial revisions of the proceedings, papers, discussions, and reports are made, 
and to decide what parts of the same shall be published in the proceedings of | 7 = 
the Society. The Council may, at its discretion, revise any action of the Publi- 
cation Committee. : 

ArT. 35. The annual meeting of the Society shall be held on the first Tuesday 
of December of each year, in the City of New York, unless otherwise ordered ; 
at which a report of proceedings and an abstract of the accounts shall be fur- —> 
nished by the Council. The Council may change the place of the annual meet- 
ing, and shall, in that case, give timely notice to members and associates. 


Mr. George Hill.—It seems to me that the new Article 3 of the 
proposed rules raises a question which has been before the minds 
of the members, not only of this Society, but of the other great — 
technical societies of the world. The solution which is preferred 
by the Institution of Civil Engineers of Great Britain, and by the _ 
American Society of Civil Engineers, is one which everybody © 
understands, and which has had a meaning well fixed upon it by 
usage. In these societies the man who lacks only age as a qualifi- __ 
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cation for membership, is labelled an associate member, although the 
term is open to criticism as not being good English. Similarly, 
the term “associate” has been used to designate the non-profes- 
sional man, and it seems to me that this Society is likely to make 
a mistake by proposing a solution so totally at variance from that 
adopted by the other societies, and giving to the word “ associate ” 
not only a double significance, but one which is at variance with 
the accepted designation.. I would propose that there be created 
five grades, instead of four, to be known as Honorary Members, 
Members, Associate Members, Associates, and Juniors. If, now, 
this Society adopts an entirely different definition for the term 
“ associate,” or rather a dual definition which will not be clear, 
except to the initiated, I feel sure that confusion will be the result. 
From what we have just been told, the associate, under the pro- 
posed rules, may mean either a first-class mechanical engineer less 
than thirty years of age and more than twenty-six, or it may 
mean a manufacturer, or a financial officer of some manufacturing 
company ; and when from a business man’s card or letter head we 
read the words “ Associate A. S. M. E.” no one will be able from 
that designation to determine his professional status. We may 
have two men side by side, one gray-haired, with his spurs won by 
his successful ability as a manufacturer, and the other may be a 
newly elected treasurer or salesman, who seeks to secure codpera- 
tion with engineers. 

But this is not the principal change which I suggest. I myself 
have been a sufferer on account of lapses in rules, which I would 


endeavor to correct, and which I have here reduced to writing, in Sy 


the form of amendments to the proposed amendments. They 


depend upon three principles, which in my judgment should be — 


considered together or not at all; and if it is inconvenient to give 
them prolonged discussion and adequate consideration at this 
time, I would prefer not to put myself in the position of offering 
any amendments, as such, at this time, but would withdraw them 
for the present, and bring them up as new propositions at a later 
date. 

I am heartily in favor of the proposed amendments as an ad- 
vance over our present rules, and gladly become a seconder to the 


proposition to adopt them as they stand, with the minor correc- _ 
tions suggested to be incorporated by the Council. Atthesame 
time I give notice of my intention, under Article 45, in reference __ 
to amendments, to present for consideration what I consider im- _ 
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in Articles 8, 6, 8, 10, 11, 12, 13, 15, 18, that 
propose to insert a new Article 26, covering a method for the sever- — 
ance of relations to the Society, and new Articles 36 and 37, in i: 
eference to the holding of meetings in various cities, and the — 
publication of the Society’ s Transactions in monthly issues, to- — 
gether with the necessary renumbering of articles which these : 
amendments will involve. 
Mr. Oberlin Smith.—There is some logic in what Mr. Hill has 4 
said about a man having a dual existence, and your not knowing f 
he is when you see card. But it seems to me the question 
4 whether it is simpler to have four grades or five grades. We do a oo 
i want to multiply them. We do not want the names “associate” _ 
“ associate member,” which sound too nearly alike. Further- 
_ more, if a junior member does not want to go through the grade 
of associate, and thus be suspected of being a rich, financial man, 
the logical way is for him to wait until he is thirty, and be a 
junior meantime. Let the associates be, as they have been, a doubt- 
ful class, whom we must not trust to be first-rate engineers, for — 
fear they may turn out to be only millionnaires, who are sometimes — ee 
useful in their place. If any junior wants to go into that grade _ 
for four years and then come out of it, itdoesno harm, only he __ 
- must risk the loss of reputation he may suffer by being in that et : 
grade, and being considered merely rich. 
The motion on the adoption of the rules, subject to the sight. 
_ verbal modifications above referred to, was then put by the Presi- 
dent, and passed unanimously. 


by Mr. W. of Detroit was presented, under the 
title of Relative Tests of Cast Iron. Mr. Keep’s monograph re- 
ceived by Messrs. Estrada, West, Mumford, Fritz, 


"The report of the Committee was as follows: 


PRELIMINARY REPORT OF COMMITTEE ON TESTS AND METHODS 
OF TESTING MATERIALS. 


The Committee during the past summer has gone into the mat- 
ter of investigating methods and shapes of test-pieces appropriate 
to nee: ee true — and characteristics of cast iron. 
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The numerous series of tests on multiple 
pieces of all the different shapes of bars heretofore used by 
engineers, builders, founders, and others, both in this country and 
abroad. 

Such test-bars were all prepared ina precisely identical manner, 
in order to eliminate accidental variations as much as possible. 
Moreover, two kinds of material were used, and the silicon was 
varied in a regular manner to determine whether quality and 
composition would affect results of methods as of shapes. It is 
intended to make further series of tests with two or three other 
kinds of pig metal in order to cover all ordinary grades in common 
use. This work has been very voluminous, and hence could not be 
completed, but it is so far advanced that the committee feel war- 
ranted in promising a complete report for the summer meeting, 
1895. It is the plan of the Committee to prepare all of its investi- 
gations complete, at once, in order that the members of your 
Committee can each for himself write monographs on certain 
points which the tests and investigation may develop, the same as 
has been done by Mr. W. J. Keep, who will present his con- 
clusions this morning. In this paper the effect of silicon, tempera- 
ture, and size of test-bar are discussed without relation to actual 
strength, which will be taken up later. When the great mass of 
information thus obtained has been thoroughly studied, the Com- 
mittee will be in a position to draw up a report. 

However, as the Committee is without funds, we feel it necessary 
to ask for voluntary assistance in our work in two directions. The 
Committee will furnish patterns and flasks, but is in need of test- 
bars cast from them of gun iron, chill roll, and heavy machinery 
grades; and as finished bars must also be investigated, we desire 
to ask for volunteers who will kindly finish a number of these 
test-bars. 


Gus. C. Henntna, 


E. D. Esrrapa. 
The other paper of the Dee session was by Geo. M. Sin- 
clair, entitled “ Notes on Steel Forgings,” discussed by Mr. Kent. 
On motion, adjourned until evening, and the members were 
invited to a luncheon served at the close of the session in the 


lower room of the house. 
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Tuesday like the succeeding afternoons, was 

without definite assignment. Excursion parties could be made up | 

to visit points in or around New York, of which a list was fur-— 

nished, or the time spent in social and professional interchange | 

at the, Society’s house, in its library or smoking-rooms. The ae 

luncheon in the house was specially designed to keep as many as 

possible centred around the headquarters. to give others a chance 

to meet them and get to know them. It wasdesired thus both to 


give all guests the openers to do what pleased them best, and avoid es a 


enjoy it. Resident members acted as guides to places of interest, 
_ or the time could be utilized for business or other appointments. 


Tuirp Eventne, DecEMBER 4TH. 


On the reassembling of the Society in the Convention Hall at 
- 8.15 in the evening, Mr. Forney spoke as follows, in presenting a 
series of resolutions : 
Mr. M. N. Forney.—lIf new business is now in order, I desire to | 
bring up the question of the advisability of holding monthly meet- 
_ ings of members of the Association in New York, for the discussion ee 
of such technical subjects as we are all or should all be interested in. © fete ee : 
Daring the past winter a series of such meetings were held in 


Eee 4 chairman to ee to fix dates for freee and to issue calls for such ont 


such meetings: solicit subscriptions to defray the expenses thereof, and audit 
Sy pay all bills incurred for such expenses, and fill vacancies which may occur dur- | Nees 
the period named. 


The motion beifg seconded, Mr. Forney proceeded to state: 

Mr, Forney. —_My object in presenting the resolution is to pe 
a full expression of opinion of members, especially the non-resi- 
_ dents, with reference to the advisability of holding such meetings. _ 
a The discussion and consideration of technical subjects is the first 


and most important — for which we are a This 
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them were sufficiently successful to warrant their continuance. In Seal 
Beis therefore, to bring the subject up for discussion I will offer 
Resolved, That the Council be hereby requested to appoint a committee of five es a 
embers to arrange for a series of monthly meetings, to be held in this room 2 
‘ 
= 


te is to be a social club nor a union. It 
is, or should be, an association of skilful, scientific, and practical 
engineers, who, when they meet together, should contribute the 
results of their ripest experience, most profound knowledge and 
observation, to the conferences which are held here. Every other 
object, it is believed, should be subordinated to making the dis- 
cussions which are held under the auspices of this Association 
interesting and profitable. The aim should be to make such 
occasions dignified meetings for scientific discussion, and not occa- 
sions for jollification and social enjoyment alone, excepting so far 
as those who attend them may derive pleasure from receiving 
and imparting knowledge. The meetings should be of such a 
character that we would all feel proud to bring any distinguished 
persons to attend them; and whenever any eminent mechanical 
engineer should visit New York, he should, as a matter of course, 
be invited to attend them. In this way they would become inter- 
changes of engineering experience, which would bring to us here 
the results of the labors of engineers in all parts of not only this 
country, but the world over. 

It has been argued against the advisability of holding such 
meetings as are contemplated, which could be attended by only 
a small proportion of the non-resident members, that they would 
give the Society a local character, and take from it the broader 
national scope which it is intended to have, and that dissatisfac- 
tion would result if the resident members derived advantages from 
such meetings which the non-residents could not share. If that 
feeling exists to any considerable extent, it may be a reason for 
not meeting together here once a month to discuss subjects for the 
consideration of which we are organized into a Society, and we 
would then have the curious anomaly that the members of a 
mechanical engineers’ association are not to have the privilege of 
doing exactly what they are organized for, excepting under re- 
strictions which in a great measure would defeat the purposes 
for which they are so organized. 

In another association of which I have the privilege of mem- 
bership, the monthly meetings, which are held in this room, are 
occasions of many pleasant reunions of resident and non-resident 
members. Those who have not the inestimable privilege of living 
under the benign government of Tammany Hall, make it a prac- 
tice to arrange their business so as to be in New York at the 
times of the monthly referred and it is that 
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‘the of the organization—the Master Oar Build- 
ers’ Association—which meets annually, is very much ee. 
_ by the monthly meetings, which are held not only in New York, — > 
but in Boston, Buffalo, and Chicago as well. A similar result, I 
believe, will follow the of local monthly 


Mr. J. F. Holloway.—Not being among the class of non-resi- — 
dent members, I have waited for some non-resident member to — te 
_ speak on this matter, and what I may say in regard to it will cer. = 
tainly not apply to myself as being a non-resident member..I 
wish to say in advance that the meetings of last winter wereex- = 
ceedingly pleasant, and, I think, of very “considerable benefit ; and 
* wish also to .say that a great deal of credit belongs to Mr. For poe 
7 _ for having gotten them up. Now I think that it will Mes 
found that the constitution and by-laws of this Society provide _ 
for all the meetings which it can properly hold as a society, and — 
that if additional meetings are to be held during the winter, or 
any other time, the basis on which the Society is organized should 
be changed to a certain extent. I feel that this isa society that __ 
extends broadly all over the United States, having members, I 
think, in almost every State, and who contribute equally towards 
its support. Those living in the far West pay for itssupportas = 
much as we do in New Y ork, and I have the feeling that if a 
ings are held here under the auspices of the Society every en ee 
_ weeks or 80, during the winter, that a man who lived in — Re 


: = he was. Now, ‘this is a national society, and I think the cm + eas 
of this Society i is, that every man, wherever he lives, should have 


participate in all its benefits ; and I think that if we should adopt. 
a - the resolutions offered by Mr. Forney it will prove that we who 
a are i in New York, and who can avail ourselves of these extra meet- 
aod ings, are really getting a good deal more out of the Society than 
anybody else can. One of the things that are fundamental to this 
Society, as I said before, is the fact that we are all equal. We are : 
equal in participating in its benefits, and we are equal in paying 
the expense. I am heartily in favor of the. meetings, and would _ 
be very glad, indeed, to have meetings held here, but I think they 
‘should be under some other gi res than those of the Society. I 
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think that a club or an association of gentlemen may get together 
and have meetings here, receive their benefits, and pay the ex- 
penses of them, and I am sure that no man, wherever he lives, 
would object. But they should not be meetings of the Society. 
They should be meetings of members of the Society, and other 
gentlemen as well, who would be interested in them. I think this 
is a subject that ought to be very carefully considered before this 
innovation in the workings of the Society is adopted. What I 
have said in the matter I have said in behalf of the out-of-town 
members, and of what I believe to be for the best interests of all 
the members. 

Mr. Gantt.—It seems to me that Mr. Holloway has voiced the 
sentiment of a great many of the out-of-town members, and for 
my part, I am willing to support that idea entirely. 

Mr. Newcomb.—I am an out-of-town member, and probably do 
not get here very often either. I do not agree with Mr. Hollo- 
way. I cannot see any objection to this association having its 
meetings here-once in two weeks if they want to, or oftener. We 
can get the benefit in the papers. I do not want to shut anybody 
else off from having a good time because I cannot be there 
myself. 

Mr. Francis H. Richards.—This is a matter about which I have 
been thinking, and in the line of the remarks of the last speaker. 
It is really a good thing to have these occasional meetings, although 
as an out-of-town member I can attend only a few of them. At 
the same time there is some ground for what Mr. Holloway has 
said. It seems to me the matter of expenses, etc., can be arranged 
by subscription or otherwise. These winter meetings are more in- 
formal than the regular sessions of the Society, and therefore will 
be an opportunity for those who would not take part in the regular 
meetings, and who would not present papers to the Society. The 
Society will get a great dea! of material which otherwise would be 
withheld. Abstracts of the proceedings of these meetings could 
be edited by the Publication Committee and incorporated in the 
annual reports, subject to the committee’s approval; and these 
contributions will naturally furnish suggestions for other papers 
by the same and other contributors. During the past year I re- 
member especially one or two of these meetings which I had the 
pleasure of attending. The one on the subject of “ Testing Ma- 
chines,” I think, was second in interest and value to none that have 
been held by this Society anywhere. I should be glad if the good 
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bership by these meetings held in the home of the Society, the 
proceedings should be reported in full, and the volumes added to 
the Society’s library, and that a suitable committee should make an 
_ abstract of that report as a contribution to our Transactions. In 
_ this way any visiting member may have access to the complete 
_ report, and the entire membership will have directly a share in the 
benefits. 
Mr. C. Hart. heartily agree with the sentiment just ex- 
pressed by Mr. Richards. It seems to me that as non-resident 
members, we should not seek in the slightest degree to deprive 
_ those of any benefits who happen to be residents here, and who 


- meetings. And further than that, it seems to me that the fact 
[ that there are meetings held every month here, and that profes- 
sional questions are discussed, will make this Society’s home a 
point of very great interest and value to each and every member 
of the association whether he has the opportunity to be present at 
- : those meetings or not. He can, as has been suggested, have an 
opportunity to read an abstract of the report of the meeting, and 
can get some benefit; and even if he does not, the fact that this 
7 ed association is constantly, during the entire year, contributing to 
mechanical knowledge by these discussions, it seems to me, is 
valuable to each and every member whether he is able to be 
present or not. I heartily favor the project as an out-of-town 

member. 

Mr. W. R. Warner.—I live out among the buffaloes and Indians 
of Ohio, and I know that several of our members out there, in 
arranging to come to this little village, look forward and plan to 

have their visits timed to occur when these meetings are to be held. 
_ Ihave heard several say, “Now I will be present at that engi- 
neers’ meeting ;” and I believe that while it is very generous on 
the part of this Gothamite who emigrated from Ohio to bring up 

_ these objections in his modest way, I think that the out-of-town 

- members would most heartily endorse the other view, and favor 
the plan of monthly meetings. We want to come down here 
once in a while, and as there is not much going on in New York; 
we want something to do of an evening. I most heartily join 
with Mr. Richards and the other gentlemen who favor this view, 
and I hope these meetings will be heid so that we can have some 


= work that was done last winter could be continued this winter. t 
But I think that in view of the advantages afforded the local mem- sai 
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entertainment when we come down to New York. Another 
point—these New York fellows occasionally have bright ideas, 
and we want to get hold of them, and they cannot keep them 
until the next annual or semi-annual meeting. Let them express 
themselves here, and send us the report of their doings. 

Mr. Forney’s resolution was then put and carried. 

The technical papers of the evening were then presented and 
discussed. That of the Messrs. Webber, reporting “Tests of a 
Vertical, Triple-Expansion Condensing Pumping-Engine,” at the 
Trenton water-works, being discussed by Dr. C. E. Emery ; the 
joint paper of Professors Peabody and Miller, on “Tests of the 
Triple-Expansion Engine ” at the Massachusetts Institute of Tech- 
nology, was discussed by Professor Jacobus. 

The report of the Society’s committee on “Standard Gauges 
for Thickness of Wire and Metal,” presented its report of progress 
through its Chairman, Professor Egleston. The report was as 
follows : 


“4 


To tHe American Soctrety or MecHanicaAL ENGINEERS: | 


Gentlemen: The Committee on Gauges respectfully report 
that during the past year they have corresponded with a number 
of American Societies, but that only one has taken any definite 
action. On November 7th they met by appointment in Philadel- 
phia a committee of the American Railway Master Mechanics’ 
Association. At this meeting the following resolutions were 
passed : 

‘* Resolved, That we, the members of the Joint Committee of the. American 
Society of Mechanical Engineers and the American Railway Master Mechanics 
Association, earnestly deprecate the use of any of the numerous wire and sheet 
metal or other trade gauges now in vogue, and strongly urge the use of thou- 
sandths of an inch for all kinds and classes of small measurements. 

‘*In practice we recommend the use of micrometer calipers or notched gauges, 
the latter with notches of dimensions suited to the convenience of the different 
industries, and, where necessary, different selections of sizes in thousandths of an 
inch, suited to each trade, being incorporated in their working-gauges ; provided, 
however, that these are always dimensioned in thousandths of an inch, and 
marked in terms thereof, the numberof thousandths being marked opposite each 
gauge notch, thus, .001. 

‘* We further recommend that the members of the various engineering societies 


assist the introduction and general adoption of this system by using it in their 
own work.” 


Your Committee during the year have corresponded with seven 
societies in England, two in France, one in Belgium, one in Ger- 
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many, one in and two in Canada, 1 with 
gentlemen and prominent government officials in most of these ‘- 
countries. The result of tie correspondence has been that the 
authorities in England, as individuals, have already declared 
themselves in favor of the adoption of the principle of giving the — 
measurement of diameters and thicknesses in a decimal system, 
and of the abolition of the present gauge system. They have ~ 
unhesitatingly said that they not only preferred, but would advo- | 
cate, a decimal system, and that they would prefer the 100th of a — 
millimetre as a measure, though they did not think it wise to ad- — 
vocate it at the present time, but that they were unequivocally in | 
favor of abolishing the whole system of arbitrary gauges. ot 
Owing to loss of letters by mail, the German Society has taken _ 
no action, but is expected to do so within a short time, though __ 
prominent individuals in Germany have declared the system pro- 
posed of recording diameters and thicknesses in a decimal system _ 
to be the most convenient form of measurement, and have | 
expressed themselves decidedly in favor of abolishing the system __ 
of arbitrary gauges. 4 
The societies and authorities of Austria have not been heard 
from. 
The French government has abolished the arbitrary gauge 
system absolutely, and has made the legal measurement to be | 
the 100th of a millimetre. “7 
The action, therefore, seems likely to be unanimous in favor of 
the abolition of arbitrary gauges, and of adopting a decimal system _ 
for diameters and thicknesses. 
The authorities in some of these countries have been anxious © 
that their governments should be solicited to abolish the gauge, 
and have pointed out to the committee the way of doing it. ie 
The Canadian Society of Civil Engineers have appointed a — 
Committee to codperate with your Committee. 
’ The only decisive action of the year has been the abolishing of = 
be - the arbitrary gauge system by the French government, which is 
a decided progress. 
The Committee therefore propose that this Society recommend 
a _ to its members and other societies in the United States to abandon 
- the system of arbitrary gauges, and to use a decimal system giv- 
the actual thicknesses and diameters of the pieces. 
Committee, therefore, propose the following resolu- 
: 
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their members, and urge upon all persons using a gauge system, to abandon the 
use of arbitrary gauges, and to give the actual thicknesses and diameters in cans he 
[Signed] “Tus. Eoxzstor, 
rit 
ScuuyLer 8S. WHEELER. 


On motion, the report of the Committee was accepted, and the 5 


Committee continued. 

Professor Egleston.—I move the adoption of the resolution ap- 
pended to the report. 

Dr. Emery.—I will second that motion, Mr. Chairman, and in 
connection with it say a word. The system of measuring in thou- 
sandths of an inch is already pretty well established, and among | 
electrical people, at least, a thousandth of an inch is known as a 
“mil.” It is suggested that this term should be understood gener- 
ally by all the branches of the kindred profession, as it is cer- 
tainly very useful. Some call that system the Edison system, 
because in his early work Mr. Edison found it very difficult to 
keep track of the various gauges, and he had them all put into 
thousandths of an inch. In the wire tables of manufacturers the 
sizes are designated by mils as well as gauge numbers, and I > 

; think that both will be continued in spite of all resolutions. 

Professor Egleston’s motion was carried. 

ie ae, Mr. Oberlin: Smith.—Is it in order for me to make a slight cor- 
rection? Dr. Emery’s remarks unintentionally might lead some of ae 

us to think that in what is known as the Edison system the ell 7 
ber of mils involved in measurement was expressed in the gauge © : 
number. That isnot so. The so-called Edison gauge has a set of ; 
numbers of its own, based on the area of the cross-section of the — 
wires, entirely different from the Whitworth gauge, which does — 
have the actual number of mils expressed in its number. 

Dr. Emery.—I have only heard of the Edison gauge incident-— 
ally. From Mr. Smith’s remarks, it appears that the “mil” as_ 
now accepted is not the same as that of Edison. It is now | 
- aecepted as measuring one-thousandth of a linear inch, besides — 

_ which there are square mils and circular mils, and the three make | 
the system pretty nearly perfect. 


4) 
oe Resolved, That the American Society of Mechanical Engineers recommend to 
| 
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Dr. 8.8. Wheeler—I think Dr. 8 suggestion of using 
the word “mil” is a valuable one, because “mil” is shorter than — 
“thousandths of an inch,” and I think that the length of the latter 5 
expression was perhaps one of the most important objections to — 
this proposed system. As to the Edison gauge, I have served in — 
the Edison Company myself some time in the early days, and x 
handled a great many of their conductors. They generally i 
the word “mil,” or “circular mil,” in reference to the area of 


them in thousandths; so that an Edison two hundred and sity 
conductor means a round bar having an area of two hundred 
and fifty thousand circular mils. 

Mr. F. W. Dean presented three papers under the footing? 
titles: “Trial of a Leavitt Pumping Engine,” “Trials of a Recent — 
Compound Engine with a Cylinder Ratio of 7.1,” “ Changing — 
the Suction System of a Pumping Engine,” and in the discussion 
Messrs. Rockwood, Platt, Emery, Kent, Hale, and Towl took 
part. Professor Lanza’s paper on “Tests of the Strength of — 
Spruce Columns” closed the session. 


Fourtn Srsston.—Wepnespay, DEcEMBER 5TH. 
This session was convened at 10.30 a.m. for professional papers. iy 
Prof. C. V. Kerr read a paper on the “Theory of the Moment of | i rs 
Inertia ;” discussed by Professors De Volson Wood and Lanza. “a ig 
Mr. Chas. T. Porter presented, under four separate titles, the 
features of a new design of engine, as follows: “Comparison of 
the Action of a Fixed Cut-off and Throttling Regulation, with | 
that of the Automatic Variable Cut-off on Compound and ee i 
Expansion Engines,” “Description of a Cam for Actuating the - rae 
Valves of High-Speed Steam Engines,” “ Description of — 
Improved Steam Separator and an Improved Steam Jacket, Re 
“ Description of an Improved Centrifugal Governor and Valve.” Reo 

The debate was participated in by Messrs. Richards, Rock. 
wood, Thurston, Oberlin Smith, Kent, Binsse, Dean, Forney, and 
Hutton. 
Professor Lanza presented his two papers on “ Stresses in the — ae 
Rims and Rim-Joints of Pulleys and Fly-Wheels” andon“The __ 
of Brakes to the Truck-Wheels of a Locomotive.” 
Mr. Kent took part in the discussion. ee 

The final paper of the session was that by Prof. W. F. M. we 
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Goss, reporting an “Experimental Study of the Action of the 
Counter-Balance in Locomotive Drive Wheels upon the Pressure 

of Contact between Wheel and Rail.” In the interesting debate 

on this paper, Messrs. Forney, Morison, Webb, Strong, Dean, 
Lanza, Porter, McGeorge, and Oberlin Smith took parts: meet 

The meeting then adjourned. 

The afternoon, after luncheon served in the banquet-room, was — 
left free for social opportunity in the house, for excursions to 
points of interest, and for the individual business of the members. 

A large number remained every afternoon in the parlors for the 
opportunities of attendance which this arrangement permitted. 

The evening of Wednesday was devoted to a reception and 
social reunion, held in the smaller ballroom at Sherry’s, Fifth 
Avenue and Thirty-seventh Street. The members, with their 
ladies, were received on entering, and were introduced to the 
retiring president and the president-elect, and a little after nine 
o’clock the retiring president delivered his address, selecting as 
his topic, for presentation in a less formal way, the relations 
which the ladies represented in the membership might bear with 
profit to the organization. Supper was served at the close of the 
address, and dancing was enjoyed until a late hour, Over 420 
persons were present. 

Firra Decemper 6TH, 
Be In the absence of President E. B. Coxe the chair was, on i 
motion, taken by ex-President John Sweet. z. 
The first paper was by Mr. C. J. Field, on “ Present and Pro- © 
spective Development of Electric Tramways,” and received discus-— 

sion by Messrs. Henning, Oberlin Smith, Partridge, Perry, Hale, _ 

Scheffler, Childs, J. C. Platt, John Platt, and Rockwood. The — a 

paper by M. P. Wood, in continuation of the first paper read at As oa 

Montreal in June, 1894, on “ Rustless Coatings for Iron and 

Steel,” was discussed by Messrs. Henning, Boyer, Cartwright, Dur- 

fee, Roelker, John Platt, Kent, Davis, McElroy, Hawkins, Well- 

man, and Holloway. The paper by Prof. D. S. Jacobus, entitled a] 

“ Results of Experiments to Test the Accuracy of Small Throttling 8 

Calorimeters,” was discussed by Messrs. Carpenter and Kent. aniy 

Pursuant to announcement, an informal session was arranged Be 
for the afternoon of Thursday, after luncheon, to give an oppor- 
tunity for further discussion on certain questions relating to cast’ ae ] 
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iron. The aeanbie touched also the monograph of W. J. Keep 
on “ Testing Cast Iron,” and elicited reports of practical experience 
from a number of the members. Professor Sweet was requested 
to take the chair, and Messrs. Keep, Holloway, Davis, Fritz, West, 
Henning, Kent, Cartwright, Hawkins, Durfee, Hutton, Wood, 
: John Platt, and Sweet took part in the discussion. The remarks, 
- which recorded experience of value, will be incorporated into the 
record of the meeting, under a suitable heading. Mr. Holloway 
presented a specimen of iron coming from a cylinder casting 
which had been through the conflagration of a building in which 
the engine had stood, and this subject was also made a matter of 
comment and experience. 

In the evening of Thursday no assignment of regular session 
was made, but the evening was left free to be used in visits to 
central electric light and power stations and other points, where 
the evening presented the best time for inspection, and others 
used the evening for visits to theatres and other engagements. 


> 


dour dic at 

In the continued absence of President E. B. Coxe, the chair was, 
on motion, taken by Mr. E. F. C. Davis, president-elect. 

The first paper was by Prof. J. H. Barr, entitled “ Experiments 
on a System of Governing by Compression,” discussed by Pro- 
fessors Thurston and Jacobus. The paper by J.C. Platt, entitled 
“ Straightening a Leaning Chimney One Hundred Feet High,” 
was succeeded by that of Mr. A. W. Robinson,on “ Drawing 
Office Appliances.” This was supplemented by Messrs. Wood- 
bury and Henderson. 

The paper by L. 8. Randolph, “Strength of Railway Car Axles,” 
was discussed by Messrs. Henderson, Durfee, Gillis, Estrada, Pom- 
eroy, Parsons, Henning, Hibbard, and Wood. Mr. Henderson’s 
paper on “ A Graphical Method of Designing Springs” was dis- 
cussed by Messrs. Randolph and Kent, and was succeeded by the 
concluding paper of the session, by Mr. D. L. Barnes, entitled 
“Rail Pressures of Locomotive Driving-Wheels.” This was dis- 
cussed by Messrs. Goss, Parsons, Kent, Barr, Henderson, Mori- 
and Strong. 

At the conclusion of the regular business the Secretary was 
instructed to tender, on behalf of the meeting, the sincere thanks 
of the members to those persons or firms whose courtesy had con- 
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tributed opportunities for the making of visits of professional 
interest during the meeting. 

Up to the hour of adjournment the time was devoted to the 
discussion of the best telephone system for connecting depart- 
ments of a large works with each other and with the central 
office, by Mr. Woodbury, and, to a presentation of the new car- 
bide of calcium product for making illuminating gas. The prin- 
ciples of the manufacture and the qualities of the product were 
presented by Mr. Wood, and commented on by Messrs. Kent, 
Durfee, and Gillis. 

The chairman then declared the Convention adjourned, and 
that the next meeting might be expected in the summer of 1895, 
in the city of Detroit, Mich. 

It was the generally expressed opinion that this New York 
meeting, while up to date the largest numerically, was also one of 
the most enjoyable and successful meetings that the Society had 
ever held. 

The afternoons of the days upon which the sessions were held 
were left without assignment, for the members visiting New 
York to attend to personal business affairs, or to make such visits 
as their inclination and interest might dictate. This policy re- 
placed the usual one prevailing elsewhere, of providing official 
excursions for the party as a whole. 

The policy inaugurated in 1892, of having a light luncheon _ 
served in the banquet-room at the close of the professional | 
sessions of each morning, was maintained this year also with 
marked success. It added to the pleasure of the members attend- 
ing the meetings, and was the means of keeping together those 
who had assembled for the discussion of papers. Many of the — 
members remained at the house for conversation and social inter- _ 
course during the afternoons. . 

The list of places available for members to visit in New York | 

Stevens Institute of Technology. 
Columbia College, School of Arts, Law, Mines. 
Columbia College, School of Medicine (College of Physicians and 


Surgeons). 
Pratt Institute. 
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" 1x. Shipyards and Works ; S. L. Moore & Sons Co. 
: a X. World Building ; Equitable Building. 
XI. Metropolitan Museum of Art. 
XII, Museum of Natural History. 
XIII. East River Gas Works. 
XIV. Ball & Wood Engine Co. 
XV. Power Houses, Broadway Cable Road. et ’ 
XVI. Power House, 125th Street Cable Road, 


-—sOXVIL. The Brooklyn Navy Yard. 
The Gas Engine and Power Co. 
i 
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CHANGING THE SUCTION SYSTEM OF A PUMPING 


BY F. W. DEAN, BOSTON, MASS. Oe ot 


(Member of the Society.) 


Lakeville ponds, some seven distant, to their water works 
pumping engines, through a 30-inch main, and under a head of 
30 pounds pressure at the engines. Before this was done the _ 
engines had raised water 21 feet, by suction, from a basin fed 
by springs along the edge of the Taunton River. 
As the new supply came into town under a head, it was — 
decided to connect the new main directly to the suction-pipe of 
the Gaskill engine, and thus secure an obvious economy in 
pumping water. Accordingly the writer was asked by Mr. Des- 
mond Fitzgerald, member A. S. C. E., consulting engineer to 
the city of Taunton, to prepare a design for the new suction 
system, and to arrange it so that the engine could either take _ 
the water as before from the old basin, or under a head from 
the new supply. As the case is one of interest and ponmenning 
some novelty, it is now presented to the Society. ; 
In preparing the design, the obvious possible difficulty of i 
using the same pump-valves without additional springs or Ew a 
weights to seat them promptly under the new conditions pre- 
sented itself, as well as the importance of effectively absorbing a. 
the inertia of a 30-inch column of water several miles long. 
When the change was completed and the engine started under — 
the head, to the surprise of everybody it worked as quietly as — 
under the old system, and has so continued, without any change — 
in the valves. The engine makes from 7 to 15 revolutions per | 
minute under domestic pressure, and under fire pressure (the — 
direct supply system being used) 10 to 25 revolutions per min- 


* Presented at the New York meeting (Dec+mber, 1894) of the American | 
Society of Mechanical Engineers, and forming part of Vol. XVI. of the Trans- 
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ute, and to this slow speed is doubtless due the success of the 
valves in both systems. 


wolle of 


Seven of this complete, Allof Com- 
position except Spring, 


Spring to be compressed 
to this dimension 


3¢ drain hole 
rilled in each 

ent. 
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The methods of absorbing the inertia of the surge of the 30- 
inch column of water were two in number. There is an air 
chamber 4 feet in diameter and some 15 feet high placed over 
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the extreme end of the supply main, which was considered ample 
in size to meet any fluctuation in pressure, provided it was kept 
properly supplied with air. In order, however, to avoid any 
rupture or dislodgment of parts when the air chamber is im-— 
properly filled, seven 6-inch spring relief valves were designed 
to allow the water to escape to waste when the pressure reached | 


+240 


AM.BANK NOTE CO.N.Y. SECTION AA. 
BASE FOR RELIEF-VALVE CHAMBER. 
One of this Cast iron. 


a prescribed maximum (Fig. 1). While these valves cannot 
provide the elasticity which is desirable in handling water, and 
which the air chamber amply supplies, they limit the pressure 
to which this water can rise when any unusual surge occurs. 
The occasions of such occurrences are sometimes when reduc- 
ing the speed of the engine from fire to domestic service. The 
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valves are set to lift at 40 pounds per square inch, and they 
successfully limit the water pressure to that amount. 

The relief valves are made with’ a spherical jointed spindle 


AM.BANK NOTE CO.N,Y, 


0.10 about— 


ah 


and nut, as shown in the engraving, in order to allow them to 
seat squarely if the springs should tend to incline them. They 
are grouped on a bowl-shaped casting covered by a light cast- 
iron cover, from which the waste pipe passes (Fig. 2). 

There is an ere of wees in the suction piping, such 
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_ the water from the group of relief ‘elves when desired for 
any purpose. When the old system is used, the air-chamber 
a becomes a vacuum chamber, and takes the place of one fur- 


‘The waste water tom the relief valves is conducted to the 
_ old pump well, and the fall of the water into the well forms an 
audible tell-tale of their operation. 

The engine is of the usual Gaskill form, of the following 


. 


Diameter, high-pressure cylinder. 
low-pressure 
pump plungers 
Stroke of each piston..... 
plunger 
e Rated capacity in 24 hours 4,000,000 gals. 
eee _ Number of revolutions per minute, domestic pressure 7to15. | 
21 ft. 
Coal used in 24 hours, old system 2,600 Ibs. 
a sow 1,900 Ibs. 
“Saving in coal............ 27%. 


DISCUSSION. 


Mr. Forrest M. Towil.—For a number of years the stations 

ae pumping petroleum through the different pipe lines in the United 
States have been accustomed to take the oil from tanks at various 
heights above the pumps. These tanks are usually so located as to 
give a pressure of from two to fifty pounds on the intake of the 

pumps. 

_ When the Southern Pipe Line was built it was found expedient 

- to locate the relay pumping stations in valleys where coal and 
water could be easily obtained. This location necessitated a 
change either in the system of connecting up the lines or a con- 
siderable loss of power. It was at first decided to locate the relay 

_ tanks on the top of the controlling hill, but as that would divide 

: the working force of the stations, it was eng to allow a station 
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a that the engine can draw water from the basin or receive it 
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ee Line, Pa., may be taken as a typical, though extreme, example. 
State Line receives its supply from Watson, 33.32 miles distant, 
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FORCING SIDE. 
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aAi Atmos. 


and the point which controls the pumping of Watson is located 
8.12 miles west of, and 2,148 feet above, the pumps at State Line. 
When both stations are running at their average speed, State Line 
can have a pressure of 400 pounds on its intake, at which point 
it begins to interfere with the pumpings from Watson. The ordi- 


Scale of spring 360. 
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CHA 
Fia. 4, 


46 CHANGING THE SUCTION ‘SYSTEM OF A PUMPING ENGINE, 


FORCING SIDE. 


_ nary working pressure at State Line is 375 pounds on the intake, 
~ and 900 pounds on the discharge. 

_ The only changes made in the connections to allow of the using 
of this pressure on the intake are the insertion of a relief valve, 
_ which will allow the incoming stream to pass into a tank in case 
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Scale of spring 400. 
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ecomes necessary to shut down without first notifying Watson, 
and the insertion of acheck valve, which allows State Line to take 
its supply from the tank when it has reduced the head in the line 
to that of the tank. The valve springs are the same which are 
used under two pounds intake pressure at other stations. No air 
chamber has been introduced, and none seems to be necessary. 
The pumps work better with the pressure on the intake, and 


er. CHANGING THE SUCTION SYSTEM OF A PUMPING ENGINE. 4 8 e- 
. 
{7 
i 
|. 
. 
i 
| 
| 
Atmos. 


i i speed of the pump at State Line is regulated, to a considerable 
a extent, by the pressure on the intake. 
At a test recently made at State Line, it was found that, after 1 
allowing for the friction of the pumps, the saving was practically 

_ in proportion to the differences between the intake and discharge 
_ pressures. The cards herewith were taken from the oil cylinders 
i . .. the pumps at State Line; set A (Figs. 4 and 5), from a triple- 
expansion engine built by the National Transit Company, and 


having six oil plungers, and set B (Figs. 6 and 7), taken from a | 
Worthington engine having four oil plungers. The variation in 
the pressure on the intake of the six-plunger pump was about 60 
pounds, while that on the four-plunger pump was about 120 
= & pounds. The slip of the pumps was 1.86 and 3.09 per cent. re- 
oe _—_ Rpeatvaly with 375 pounds intake pressure, and 2.35 and 4.15 per 
cent. with two pounds on the intake. 

On the oil pipe lines, there are ten stations operated in the same 
manner as State Line. The pressures on the intake vary from 
100 to 375 pounds. In one instance, the oil does not go into a 

ae is . until it has passed through four relay stations. Very little 
trouble is experienced in regulating the speed of the stations. 
— Cards C (Figs. 8 and 9) were taken from a four-plunger 


Worthington engine at Cameron Mills, N. Y. This engine has 
not the high duty attachment, and the intake pressure is nearer 
constant. This is probably due to the more regular piston speed 
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TRIAL OF A VERTICAL TRIPLE-EXPANSION CON- 
PUMPING ENGINE, AT THE TRENTON 
WA TER-WORKS. 


BY SAMUEL WEBBER, CHARLESTOWN, N. H., AND 8. 8. WEBBER, TRENTON, N. J. 


(Members of the Society.) 


In reporting to the American Society of Mechanical Engineers 
the results of this trial, we desire to state that it was not under- 
taken as a complete duty test, to include the performance of 
both engine and boilers, nor was it desired to obtain all the 
data respecting the economical working of the engine. The 
Board of Public Works of the city of Trenton, N. J., only 
desired to have proved that the terms of the contract made 
by them and the Edward P. Allis Company, of Milwaukee, the 
builders of the pumping-engine, had been complied with. 

The capacity and duty guaranteed by this contract were that 
the pumping-engine should be capable of delivering into the 
reservoir against a head of 120 feet 10,000,000 U. S. gallons 
every twenty-four hours, and to do this at a speed of thirty 
revolutions per minute, and show a duty of 125,000,000 foot- 
pounds for every 1,000 pounds of feed-water pumped into the 
boilers ; steam to be supplied to the engine at a pressure of 110 
pounds per square inch. No account was to be taken of the 
fuel consumption; it was, however, decided, for the sake of 
information, and from a desire to obtain as full data respecting 
the trial as could be had without special and elaborate prepara- 
tion, to weigh all fuel used during the test, indicate the engine, 
take a record of steam temperature and pressure, and test the 
quality of the steam by calorimeter; and, so far as this was 
undertaken, we believe the figures obtained are correct. 

Before beginning the trial it was agreed between the parties 


* Presented at the New York meeting (December, 1894) of the American 


Society of Mechanical Engineers, and forming part of Vol. XVI. of the Traneac- 
tions. 
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or leak of valves. The plungers being outside packed, all leak- 
age at that point was easily prevented, and during the trial 
“4 amounted to so little as not to be worth reckoning. The indi- 
nee, cators used were in perfect order, and the springs had all been 


a. accurately calibrated and adjusted. All feed water pumped to 


_ boilers was actually measured and weighed by using two tanks, 
filling the measuring tank to an overflow pipe set vertically, with 
_ sharp edges at orifice, and after the water had settled to an 
exact level the outlet valve was opened, and the water run 
entirely out into the second tank, from which it was pumped to 
boilers. No heater was used. The engine ran with remarkable 
_ steadiness and smoothness during the trial, and every condition 

_ prevailed to insure accuracy. 
The quality of the steam was tested by a calorimeter at three 
_ intervals during the trial, and gave precisely the same readings, 
_ the result showing a percentage of moisture in the steam of 
1.25 per cent. It is the writer’s opinion that this determina- - 
tion is of no especial consequence as affecting the economical 
_ performance of the engine. The small amount of moisture 
present in the steam must have the same temperature, and as 
this is much higher than that of the steam as it leaves the 
engine, the difference must have been available and capable 
of doing work, and the weight of this moisture should not 
be wholly deducted from the steam charged against the engine. 
All the cylinders and receivers are steam jacketed, the high- 
pressure cylinder jacket receiving steam from the main steam- 
pipe; from the high-pressure jacket the steam passes to the 
first receiver jacket, thence to the intermediate cylinder jacket, 
thence to the second receiver jacket, and finally to the low- 
pressure cylinder jacket, whence it is connected to a steam trap 
discharging into the hot well. The drainage from the several 
jackets is likewise piped to the hot well. The amount of steam 
condensed in jackets was not measured, hence no expression of 
the value of these jackets can be given from the trial. It would 
seem, however, from the high duty obtained, that the jackets 

were a factor of economy. 

The valve-gear is of the usual Corliss type, with Reynolds 
improvements. In general design, though of less capacity, the 
engine is similar to those built by the Allis Company for Chicago 
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and Milwaukee. These engines are so fully illustrated and de- 
scribed in Dr. Thurston’s paper, “On the Maximum Contempo- 
rary Economy of the High-Pressure Multiple-Expansion Steam- 
engine,’ read before the American Society of Mechanical 
Engineers at the New York meeting in 1893, and printed in 
Volume XV. of the Transactions, that nearly every one in- 
terested is, no doubt, quite familiar with the design and opera- 
tion of this type of engine; hence it is not ——'s br to 


describe the details of construction. a 


TABLE OF DIMENSIONS OF ENGINE AND PUMPS. oe lat 


Number of steam 8 
Diameter cf steam cylinders 20}, 36, 52 ins. ata! 
Stroke of pistons and 86 ins. 
Diameter of piston-rods (two at one end each piston) 

Net area steam cylinders: 
High-pressure . 325.63 sq. ins. 
Intermediate-pressure 1,018.44 8q. ins. 
Ratio of cylinders : 
High-pressure . 
Cylinder clearances: 
High-pressure 
Totermediate-pressure 
Low-pressure....... sess 
Number of water plungers (single acting) ..... 
Diameter‘ ‘‘ 
Area 
Displacement of each plunger per stroke 18,026.64 cu. ins. 
Total displacement of all plungers per stroke 234.11 gallons. 


‘TABLE OF PRESSURES, TEMPERATURES, AND QUANTITIES. nit 


Temperature of water pumped 59° Fahr. 
to boilers 59° “ahr. 
Average pressure steam in boilers as per gauge............-. 112.27 lbs. 
main at engine gauge 112.27 lbs. 
first receiver gauge 23.18 lbs. 
second receiver gauge...........  —1.%5 Ibs. 
vacuum in pounds as per gauge............ eeaedete 12.00 Ibs. 
total head of water against 119.62 ft. 
Duration of trial Shours. 
Average number of revolutions per minute SU ess 30.71 
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} i Average H.P. developed in high-pressure cylinder 82.03 


‘* low-pressure cylinder 


12.75 lbs. 
6.95 lbs. 


‘* intermediate-pressure cylinder. 72.08 = | 


285.70 


- Total foot-pounds of work done in 8 hours 8 


- Total number gallons pumped in 8 hours 
‘jane number gallons lifted 119.62 feet per 24 hours 
duty per 1,000 lbs. feed-water 
«4,000,000 B. T. U 
Pounds feed-water used per indicated H.P. per hour 
Total indicated H.P. of engine.................. 
Value in H.P. of water pumped....... 
Friction loss of engine and pumps in H.P. 
Percentage of useful effect 
Gallons pumped per 24 hours (in terms of contract) 
_ Foot-pounds duty per 1,000 lbs. feed-water (in terms of contract) 
over and above terms of contract..... 


8,451,015 

10,353,040 

136,283,000 

129,090,000 

117,800,000 
13.4 


4 


1 


8S 


SS 


92.3% 


10,113,680 
133,856,000 
8,856,000 


BOILER DIMENSIONS. 


Kind of Boilers: Horizontal Tubular. 


Length of shell 
Number of tubes 
Diameter of tubes.............. 
Grate area each boiler (54 ins. x 54 ins.)...... Or 
Ratio grate area to heating surface 
Kind of grate : ‘‘ Tupper,” set 28 inches below boiler. 


QUANTITIES AND TEMPERATURES. 


_ Average temperature of flue during test 
Per cent. ashes 
Kind of coal, ‘‘ Lehigh Egg.” 


Coal was burned by natural draught from an iron stack en 


779.10 sq. ft. 
20.25 sq. ft. 


36 ins. x 36 ins. 


2,504 Ibs. 


feet 


| 
Total weight water fed to boilers in 8 hours................. 25,295.00 lbs. 
i Percentage of moisture in steam as per calorimeter........... 1.2524 4 
hh ss Average M. E. P. in high-pressure cylinder ................. 45.15 lbs 
ylinder.......... 
| 
| 
Total H.P. developed in all cylinders... 
i. 
| 
| 
— 
A 
W 
15 ft. 
48 
i 
i 
350° Fahr. 
2,667 lbs. 
163 Ibs. 
.06 
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RESULTS. 


Actual evaporation per pound of coal, feed-water at 59° Fahr 
Equivalent evaporation, from and at 212° 


si - per pound of combustible, from and at 212°, 11.67 lbs. 
Coal burned per hour per sq. ft. grate surface 
Water evaporated per hour per sq. ft, grate surface 44.69 lbs. 


The results show a very high efficiency for a triple engine 
working with so low an initial pressure as 112 pounds of steam ; - 
and had the vacuum obtained | been better the results would have 


Lou ahh 


Av.H.P.82.03 


Fre. 10. 


MEP, 


6.95 685 
Av. HP.81.02 ear 


TRIAL OF A VERTICAL TRIPLE-EXPANSION PUMPING ENGINE. 538 
: 
3 
q 
“a 4 
Fig. 11. 20 Ibs. an 
‘a4 
Fie. 12. 10 Ibs. 
2 


= correspondingly increased. For some cause, which at the 
s _ time of trial could not be ascertained, the vacuum did not go 
__ below 12.5 pounds, and the average throughout the trial was 12 
ae _ pounds ; it should have been 13.5 ‘panne at least for an average. © 
_ _The indicator cards (Figs. 10-12) show a fairly even distribution 
<a power; the intermediate cylinder not showing its propor- 
eda share of the work as compared with that of the high 
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or cylinders. The. combined diagram (Fig. 13) 
shows a close agreement in the expansion lines with the hyper- 
bolic curve. The clearances are small, due to placing the 
Corliss valves in the cylinder heads instead of at the ends of 
the cylinder castings, as is the usual practice. If the initial 
oP pressure had been 125 pounds, as in the case of the engines at 
Chicago and Milwaukee, and a more perfect vacuum been 
obtained, the efficiency of the engine at Trenton would, no 
doubt, ai Aa that recorded for the engines above men- 
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tioned; possibly the higher head, under which these engines 
pumped, contributed to very high duty shown by them as com- 
pared with that given in this report. All things considered, the 
Allis engine at Trenton is certainly one of the best examples 
of the modern high-duty pumping-engine. 

The E. P. Allis Company was represented during the trial 
by its mechanical engineer, Mr. John H. Lewis; and the city 


of Trenton by the writers of this paper. 


DISCUSSION. 


i Charles FE. Emery.—As there will be several papers here 
this evening relative to the subject of engine economy, and par- 
ticularly two which refer to the economy of compound engines, it 
is well enough to examine the results of this test, and in a sense 
forecast what the result should be for the others. By looking at 
the indicator diagrams on page 53, we find that the low pressure 
diagram is entirely below the atmospheric line, and altogether of 
too small an area to give maximum economy, and that if the work 
done in the intermediate cylinder were transferred to the large 
cylinder, it would undoubtedly give better service. The ratio be- 
tween the intermediate and low pressure cylinders is about 1 to 
2.1, as will be seen on the first page. The mean pressure in the 
intermediate cylinder is 12.3 pounds, equivalent to about six 
pounds in the low pressure cylinder, which, added to the 6.9 pounds 
already there, would give less than 13 pounds, which is not extra- 
ordinary for a low-pressure cylinder, and should, in fact, give better 
results than a lower mean pressure. It is therefore evident from 
the diagrams that a compound engine should do as well as a triple 
compound proportioned like the one described. 

Mr. Samuel Webber.*—I fully agree with Dr. Emery, that 
under the pressure of the test a double compound engine would 
probably have given equally satisfactory results. We noticed the 
deficient vacuum in the last cylinder, and so state, by which we 
lost 1.5 pounds pressure ; but we had no time to remedy the matter, 
as the legal existence of the “ Board of Trade,” for whom the tests 
were made, expired on Monday, the test having been made on 
Saturday, and the report was required to be in their hands before 
Monday night. 

With 160 pounds steam, and the hot well ‘mesial so that 
we could use the condenser water, we should have undoubtedly 
obtained a higher result. 


* Author’s closure, “under the Rules, 
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- SOME TESTS OF THE STRENGTH OF SPRUCE 
COLUMNS. 


~ 


AX 


BY GAETANO LANZA AND EDWARD F. MILLER, BOSTON, MASS. 


(Members of the Society.) 


THERE are, available to the engineer, the following published 
results of reliable tests of the strength of full-size American 
timber columns. 

1. A large number of tests of yellow pine and of white pine 
columns, made on the Emery testing-machine at Watertown 
Arsenal by Mr. Howard. 
a 2. A certain number of tests of yellow pine and of oak col- 
-umns, made on the same machine, under the direction of G. 
ei - Lanza, some of the oak being green, and some very thoroughly 
seasoned. 

3. Some tests of spruce columns, made on the same machine, 

under the direction of Mr. J. R. Freeman, all but three of which 
_ were tested with the load eccentric, showing crushing strengths 
_ of 4,088, 6,225, and 4,900 pounds per square inch respectively, and 
_ which Mr. Freeman says were of “ well-seasoned spruce of excel- 
lent quality.” Hence, it would seem desirable to obtain some 
- more results of tests of the strength of spruce columns of ordi- 


In this paper we have to present to the Society the results of 
thirteen tests of spruce columns, made on the Emery testing 
_ machine, in the laboratory of applied mechanics of the Massa- 
_ chusetts Institute of Technology, in the course of the regular 
laboratory work. 

_ The spruce was purchased at Boston lumber yards, and was 
_ of fair average quality, just such as is ordinarily sold for build- 

_ ing purposes, all being fairly well seasoned. 


: * Presented at the New York meeting (December, 1894) of the American 
_ Society of Mechanical Engineers, and forming part of Vol. XVI, of the Transac- 
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SOME TESTS OF THE STRENGTH OF SPRUCE COLUMNS. 


The decrease in a gauged length of either 50 or 100 inches, 
under different loads, was measured on two opposite sides, and 
averaged. 

The apparatus used for this purpose is shown (on the forward 
side) in Fig. 14; all of it being fastened to the column, except 
the micrometer, which i is held i in the hand of the the obaurver. | “ae 


FOR 
WOODEN COLUMNS 
MASS. INST. 
Fie, 14. 
The cut also exhibits the means employed to observe the de- 
flection of the column at the middle of its length. 
For this purpose a small metal bar, provided at each end with 
a needle point, was attached at the middle of its length to the 
middle of the upper side of the column ; the needle points being 
used to mark the amounts of horizontal and vertical deflections 
on pieces of cross-section paper tacked on two boards fastened 
on rings which are attached to the main screws of the machine. 
The results from the two pieces of cross-section paper are 
averaged to obtain the actual horizontal and vertical deflections. 
The object of averaging the results from the two pieces of 
cross-section paper is to make up for any possible twisting of 
the column. The summary table will be given first, and then 
the of the individual tents follow. 
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66 SOME TESTS OF THE STRENGTH OF SPRUCE COLUMNS 


TESTS OF WOODEN COLUMNS. 


Specimen spruce : Dimensions—Width, 84 in.; depth, 84 in.; length, 9 ft. 4 in. 
Date, April 26, 1894. 


2 3 7 


NortH Sipe. Soutn SIpgE. 


Micrometer 
and 10, 


readings. 
Average read- 
ing 
Diff. between 
average 
Micrometer 
readings. 
Average read- 
ing. 
Diff. between 
average 
Mean of columns 4 


-4883 10,000 
-4895 | .0488 || 60,000 


Compression measured in length of 50 inches. 
Weight of column, 126 Ibs. 
Maximum load, 191, 500 Ibs. 

he Maximum load per sq. in., sectional area = 2,901 lbs. 
Ratio of stress to strain from 10,000 to 60,000 Ibs. = 1 »489,900. 
Manner of breaking, crushed 1 ft. from platform. 


TESTS OF WOODEN COLUMNS. 


Specimen spruce : Dimensions—Width, 8} in.; depth, 8} in.; length, 7 ft. 6 in. 
Date, April 26, 1894. 


2 8 6 7 


Nortu Sipe. 


Mean of columns 4 


Micrometer 
readings 
Average read- 
ing 
Diff. between 
average 
Micrometer 
readings. 
Diff. between 
average 


8645 
60,000 


Compression measured in a length of 50 in. 
Weight of column, 100 Ibs. ' 
Maximum load, 17 70, 800 Ibs. 
Maximum load’ per sq. in. sectional area, 2,587 Ibs. ie a 
Ratio of stress to strain, from 10,000 to 60, 000 Ibs. = 1,442,700. 
Manner of breaking, crushed 6 in. from platform. 
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SOME TESTS OF THE STRENGTH ‘OF SPRUCE ‘COLUMNS. 


TESTS OF WOODEN COLUMNS. 


Specimen spruce : Dimensions—Width, 8} in. ; depth, 8} in. ; length, 9ft. 6} in. 
Date, April 26, 1894. 


2 3 7 


Nortu S1pe. Sipe. 


Micrometer read- 
Average read- 
ing 
Diff. between 
average 
Loads, pounds. 
Micrometer read- 
ings 
Diff. between 
average 


10,000 
-0203 || 60,000 


Compression measured in a length of 50 inches. 

Weight of column, 133 lbs. 

Maximum load, 175, 700 Ibs. 

Maximum load per sq. in. sectional area = 2,662 Ibs. pica he 

Ratio of stress to strain between 10,000 and 60,000 Ibs. = 1 ,357,300. at cy 

Manner of breaking, crushed 3 ft. from platform. paged ie 


Specimen spruce : Dimensions—Width, 7} in. ; depth, 73 in. ; length, 5 ft. 83 in. 
Date, April 26, 1894. 


2 3 7 


Norra Sipe. Sinz. 


Micrometer 
readings 


Loads, pounds, 
Micrometer 
readings 
Average read- 
ing. 

Diff. between 
average 
Loads, pounds. 
Average read- 
ing 
Diff. between 
average 


10,000 
-0298 || 60,000 


2 


Compressive: measured in a length of £0 inches. 

Weight of column, 66 lbs. 

aximum load per sq. in. sectional area = 3,195 lbs sie ne 

Ratio of stress to strain from 10,000 to 60,000 Tbs. = 1,222 the 

Manner of breaking, crushed 1.5 ft. from ‘platform. a: 
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SOME TESTS OF THE STRENGTH OF SPRUCE COLUMNS, 


TESTS OF WOODEN COLUMNS. 


Specimen spruce: Dimensions—Width, 7] in.; depth, 7] in.; length, 5 ft. 93 in. 
Date, April 26, 1894. 


2 6 


Nortu Sipe. 


Micrometer 
readings. 
Mean of columns 
4and 10. 


Micrometer 
readings 


Average read- 
ing 
Diff. between 
average 
Loads, pounds. 
Average read- 
ing 
Diff. between 
average 


on 
@ 


|........|| 10,000 
-%612 | .0780 || 60,000 


Compression measured in a length of 50 in. 

Weight of column, 66.5 Ibs. 

Maximum load, 156, 000 Ibs. 

Maximum load. per sq. in. sectional area, 2,556 lbs. 

Ratio of stress to strain from 10,000 to 60,000 Ibs. = 834,270. 
Manner of breaking, crushed 1.5 ft. from platform. 


TESTS OF WOODEN COLUMNS. 


Specimen spruce: Dimensions—Width, 8} in.; depth, 8} in.; length, 7 ft. 11 in. 
Date, April 26, 1894. 


=) 


2 38 6 7 


Norra SIpe. Soutn 


Mean of columns 


Micrometer 
readings 
Loads, pounds. 
Micrometer 
readings 
Average read- 
ing. 


Average read- 
ing. 
Diff. between 
average 


-5405 |........|| 10,000 
-5180 | .0225 || 60,000 


Compression measured in a length of 50 in. 

Weight of column, 104 lbs. 

Maximum load, 175,400 lbs. 

Maximum load = sq. in. sectional area, 2,617 Ibs. 

Ratio of stress to strain from 10,000 to 60, 000 Ibs. = 7,380. 
Manner of breaking, crushed 1.5 ft. from platform. 
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; THE APPLICATION OF BRAKES TO THE TRUCK 


Hoge BY GAETANO LANZA, BOSTON, MASS. oda 
gotdi (Member of the Society.) haliqge 

On the 9th and 16th of April, 1893, some experiments were 
made upon the effect cf employing brakes upon the truck 
wheels of a locomotive, the results of which, it is believed, are 
of sufficient interest to be presented to the Society. 

The trains drawn were composed of different numbers of cars, 
and were run at speeds corresponding, as nearly as possible, 
with those found in express-train service. The experiments 
were made by Messrs. Fred H. Keyes and John W. Logan, at 
that time students of the Massachusetts Institute of Technology, 
working under such supervision as was necessary to ensure the 
reliability of the results. 

Through the courtesy of Mr. James N. Lauder, then Superin- 
tendent of the Old Colony Railroad, the experiments were made 
on the “third track” of the Providence division of that road, 
between Forest Hills and Hyde Park stations ; the locomotive 
employed being No. 229, of the eight wheel, or American, type, 
the following being some of its principal dimensions : a 


Cylinders 18 in. X 24 in. 
Weight on drivers 
Weight on truck 
Total weight of - 98,000 
Weight of tender loaded 


{2) 
The cars used were fifty feet passenger cars, having an average 
weight of 43,000 pounds. 


* Presented at the New York meeting (December, 1894) of the American 


Society of Mechanical Engineers, and forming part of Vol. XVI. of the Trans- 
actions. 
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70 APPLICATION OF BRAKES TO LOCOMOTIVE TRUCK WHEELS. : 


The objects of the experiments were to determine (1) the dis- 
tance in which the train could be stopped with the truck brakes 
applied, as compared with that in which it could be stopped 
when the truck brakes were not applied, every wheel in the 
train having brakes acting on it. (2) The distance in which the 
train could be stopped with all brakes applied, the throttle 
being closed, as compared with that in which it could be 
stopped when all brakes were applied and the throttle was left 
open. 

The stops were all made with the train running south, the 
brakes being applied by the engineer, as nearly as possible, 
when the forward end of the engine was opposite a flag at the 
north end of Hazelwood station platform. 

Stakes were driven alongside the track every fifty feet for two 
thousand feet beyond the flag. odd ve 

ot tered al to 
EXT OU mos ecient afT 


1893. 
Average Grade — 0.22 % 


Point of Application 
of Brakes 


00 1700 
This part of the road is perfectly straight, and has an ascending 

grade of only 0.22 per cent., as shown in the accompanying pro- 
file (Fig. 15), determined within a week of the tests. 
The observations taken were : Leet 
(1) Speed, just before the application of the brakes. 
(2) Length of stop. =. av 
(3) Train pipe pressure, just before the application. __ ee 
(4) Time of stop. 
The speed was determined by averaging the results obtained 
from the readings of two revolution counters, one of which was 
connected with the cross-head, and hence gave the number of 
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APPLICATION OF BRAKES TO LOCOMOTIVE TRUCK WHEELS. 1 
revolutions of the drivers, while the other showed the number 
of revolutions of the truck wheels. 

The length of the stop was obtained by observing the distance 
from the nearest stake to the forward truck wheel. 

The train pipe pressure was determined by reading the gauge 
in the cab just before the application of the brakes. 

‘The time from the application of the brakes till the train came 
to a full stop, was determined by an observer in the cab by 
means of a stop-watch. 

The results are given in the following tables : 


; om 
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In 


ge Speed per 
Miles 


hour. 
Feet. 


Speed per hour, 
Teele Miles. 
ed per hour, 
river. Miles. 
Train Pipe Pressure. 
Lbs. per sq. in. 
Time of Stop. 
Seconds 
Length of Stop. 
Number of Cars. 
Truck Brake. 
or out. 


8 
Avera 


lo 
 tlevilooquer 


2 
N 
2 
1 
2 
3 
4 
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rf ttheant 
i = 


at os 


Drivers slipped. 
don ob 
rol bapa 


This test was thrown out. 
Throttle open, 
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45.4 “a 
44.8 i087 = 
47.0 1075 “ “ 
7| 48.1 1458 * a4 
9} 58.9 1665 “ “ 
10 59.9 2152 Out. . 
14 853 “ In 
15 ma | | 
16 1128 “ “ 
18 1542 | | Ont 
19 1600 “ — 
20 18% | Two.| 
21 1468 “6 
25 1343 “6 “ 
29 964 “ 
33 1147 | “ | In 
4 “| Out. q 
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APPLICATION OF BRAKES TO LOCOMOTIVE TRUCK WHEELS. 


IT 
Qo 
Remarks. 


In 


Miles. 


ed per hour, 
river. 
hour. 
Lbs. per sq. in. 
Feet. 
or ont. 


Average Speed per 
Miles. 


Number of Stop. 
Speed per hour. 
Miles.” 
Time of Stop. 
Seconds 
Length of Stop. 
Number of Cars. 


Train Pipe Pressure. 


Truck Brake. 


RRR Ro Qo 


Big mon sian 
to 


Throttle open. 


DOWS 


o 


= 

SEREE 


In the following comparative table a selection has been made 
of tests in which the speed was quite near sixty or forty-five 
miles per hour, and the equivalent length of stop with a train 
pressure of seventy pounds, and the two above-stated speeds, 
respectively, were calculated in each case by means of the formula 


} 
i 


H 


S,= length, in feet, of equivalent stop, from speed V with a 
train pipe pressure of 70 pounds per square inch. 

S, = length, in feet, of actual stop. + 

P,= actual train pipe pressure in pounds per square inch. __ 

V = speed, in miles per hour, at which the equivalent stop is 
desired (60 or 45 miles). 

V, = actual speed in miles per hour. 

This formula, although it is only approximate, cannot be far 
from correct, when the actual speeds and train pipe pressures 
do not differ greatly from those corresponding to which the 
equivalent length of stop is desired. 

Whether the selection of individual tests to be used in the 
following comparative table has been wisely chosen or not, the 
reader can determine for himself, since he has all the necessary 
data in the preceding general table. 
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APPLICATION OF BRAKES TO LOCOMOTIVE TRUCK 


Length Avera 
Track Brake.| 
of uced Length. 
In or out. | Stop. Feet. Feet. 


1657 
2149 


1005 
1292 


This comparative table speaks so plainly for itself that it 
seems unnecessary to comment upon it atany length. That the 
percentage gain, as well as the gain in feet, should be greater with 
short than with long trains, was naturally to be expected; and 


both the general and the comparative tables furnish information 
as to the amount of the gain. 


ber of Numbe Gain i 
Mstop. | of Cae. 
60 None. In. 1609 
One. In 1398 
1689 1705 262 | 15 
988 962 | 107 11 
95..........| 60 | Two. In. 1242 1242 
60 Out. 1281 1881 139 10 
Out. 940 940 90 10 
84..........{ 60 | Three.| In. 1208 1208 
Out. $14 1314 111 
Four. In. 1411 
TY 885 861 48 5 
776 780 39 5 — 
— 
a 


74 APPLICATION OF BRAKES TO LOCOMOTIVE TRUCK WHEELS. 


The following table exhibits the difference in the length of stop 
with and without the throttle valve closed. 


Length of 


| | 
Length Stops,Sim- 
Number of Rn Number |Truck Brake.| of Reduced | Average ilar ¢ Con- 


with 
Stop. : of Cars. | In or out. Stop with ditions. 
| Steam. team. | Without 


Differ- 
ence. 


Four. In. 
ac 


Six. 


H 


is 


— 
| 
1037 | | 
1679 1679 | 1432 | 247 
800 826 741 | 85 
: 
: 
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3 STRAIGHTENING A LEANING CHIMNEY 100 | 

deal baa dal dont Ol 

ip, ai BY JOSEPH C. PLATT, WATERFORD, N. Y. te pt 


Ir will perhaps be interesting to those having similar prop- 
erty, or to any who may have similar work to do, to know how a 
brick chimney 100 feet high, which leaned about 28 inches, was 
made plumb. This chimney is that of the Ormsby Textile Com- 
pany, of Waterford, N. Y. 

It was erected in 1893. Soon after its completion it was found 
to ba considerably out of plumb; and when first measured, in 
November, was found to lean about 16 inches, and a few days 
later 22 inches. Then the rate of increase of inclination became 
less, but in March, 1894, it was 28} inches out of line, and it was 
decided to attempt to straighten it. The factory to which the 
chimney is attached stands on the north side of the north outlet 
of the Mohawk River, and distant perhaps one-third of a mile 
: from the west bank of the Hudson. The underlying rock in this 
part of the country is the Hudson River shale. Where this rock 
| comes to the surface it is very irregular in shape, and is probably 
equally so where it has been covered by the earth deposit. In 
the vicinity of this mill no rock comes to the surface over a sec- 
tion about three-quarters of a mile long and one-quarter wide. 
The earth deposit throughout this tract is apparently quite uni- 
form in quality, yet a great variation in it is possible. Since it 
is probably all a river deposit, one spot may be good earth or 
sand or gravel while another may be largely vegetable matter and 
much softer. 

In giving an account of this work I only act as a recorder of 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Vol. XVI. of the Transac- 
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7 STRAIGHTENING A LEANING CHIMNEY 100 FEET HIGH. 


facts which were given to me by Mr.C. C. Ormsby. I was not at 


_ home when most of the work was under way, though I witnessed 
@ portion of it. 


The chimney proper is rectangular in plan, is built of brick, is 
_ 9 feet 6 inches square at the bottom and 5 feet 4 inches square 


A at the top; it is 100 feet high and has a central flue 3 feet 


_ square. The estimated weight of this is 206 tons. It stands 


a : _ upon a foundation which is 14 feet deep, the lower 4 feet being 


of concrete about 14 feet square, on which rests heavy stone- 
work 10 feet high, 14 feet square at the bottom and 9 feet 6 
inches square at the top. The weight of the foundation is about 
149 tons, making a total of 355 tons resting on 196 square feet, 


about 1.8 tons per square foot. 


Before commencing the work, soundings were made on all 


3) ; _ sides of the proposed site. These varied from 20 to 38 feet in 


depth below the natural surface of the ground, and indicated the 


game character of soil as its surface, a soft alluvial deposit with 


streaks of sand, but with no hard material or rock or bowlders. 


- The chimney was built upon this soil without the use of any 


piles. Two similar chimneys had been built in the immediate 
vicinity on what appeared to be similar material, and no trouble 
had been experienced with these. The bottom of the concrete 
is about two feet above normal summer level of the Mohawk 
River, but at the time of sounding in March it was submerged 
‘ about four feet, it being found that the water rises and falls in 
the soil in the vicinity with the rise and fall of the river. 

The work of straightening the chimney commenced on the 
19th day of March, 1894. A scaffold was erected about the 
chimney, and eight oak timbers six inches by ten inches by ten 
feet were placed vertically at the corners at a height of 42 feet 
above the stonework and four and one-half feet below the 
centre of gravity of the brickwork; the object of the oak tim- 
bers being to spread the bearing of the wire ropes over as large 
a section as practicable. (Figs. 16 and 17.) 

Wire ropes were passed around the timbers, and another wire 
rope two and one-half inches in diameter, with an eye in each 
end, was fastened to the first-mentioned ropes at its upper eye. 
The lower eye was connected with a system of pulleys secured 
to the dock at the river edge at a point 78 feet distant and di- 
rectly opposite the direction in which the chimney leaned, the 
pulleys being made up of three sets of double and single blocks 
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eee connected together in series, having three points of fastening to 
aa E- : % the dock and having eleven pulleys in the system. Cables were 

ol 4 also put out from the chimney on each side at right angles to the 
_ main cable, and having turn buckles to tighten them; also a 
guard cable in rear. 

‘= ise) The earth was then excavated on the high side of the founda- 
Bee er: tion nearly half way around to the bottom of the foundation (a 
jake os depth of thirteen feet) and the main cable put under strain with 
8 the pulleys. By this means, in the course of three weeks, the 
a :* chimney was brought back about four inches. Then, with a 
a _ post-hole digger, eight inches in diameter, eleven holes were 
sunk vertically in the bottom of the trench around the founda- 
a tion, principally at the highest point, to a depth of five and one- 
Ps half to six feet. At this time the water in the river stood up to 
__ within one and one-half feet of the bottom of the foundation, the 
7) ‘ ground being soft to a depth of four feet; it then became very 
hard, showing that the strata supporting the chimney had been 
reached. No movement or flow of the soil was discovered until 
ni the eighth hole was sunk four and one-half feet and the tool 
withdrawn for clearance, when it could only be reinserted read- 

_ily about three feet and headway made very slowly. 
From this removal of the earth there resulted, within a few 
_ hours, a righting of the chimney to the extent of five inches. 
: This increased to eight inches by the next morning. The slack 
of the pulling rope was taken up as fast as the chimney moved, 
and the rope was kept under strain. By tightening up the pul- 
ss Jey rope two or three times daily, in a week the chimney was 

ss brought back to eight and three-quarter inches. 
At this point, in similar manner, the post-hole diggers being 
-_- reduced to six inches in diameter, about one-fifth as much more 
material was removed, immediately followed by righting the 
chimney to four inches, and from that point, after filling the 
holes with fine broken stone and gravel thoroughly rammed, by 
- eontinued daily strain on the main cable, the chimney was 
F ‘ii brought back to plumb at the rate of a quarter of an inch 
__ perday. The turn buckles in the side cables were occasionally 
used to control any tendency toward lateral inclination. 

The work has been accomplished without injury to the 
structure. Time alone can tell for how long it will retain its 
position, or whether the rising and falling of the river will affect 
it. It is stated that some chimneys at Louisville, Ky., which 
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were straightened in a similar manner, have remained in proper 
position. 

This chimney settled in all .598 of a foot. 
The work was done under the direction of the owners, by a 
local contractor, following methods proposed by A. T. Sabin, 
C. E., of the C. O. & S. W. RR. Co., who had knowledge of how 
similar work had been done near Louisville. Below is given 
the record of observations of the movement of the chimney from 
the first discovery of its extensive settlement until brought 
back plumb. The figures under AB represent the distance 
out of plumb at the bottom of the brickwork in a direction 
parallel with two sides of the base. Those under BC give 
the distance out of plumb on a line at right angles to the first 
through the centre of the chimney. a ors 


MEASUREMENTS. 


DaTE, 1893. 


Excavation commenced. 


pri 
April 10, 10 A. M...... 
April 10, 1 P. M...... 


o 


Nine holes bored. 


Two holes bored. 


A. M...... 


May 
May 
May 
May 


0 STRAIGHTENING A LEANING CHIMNEY 100 FEET HIGH. : 
| 
| | Al BC 
: | 
| ov.8, 2PM... ... 22 4 
27.875 
27.25 
“ 24.875 
| 24.5 
| 22.3125 
19.375 
April 19... 16.125 
| 9.875 2.4875 
9.1875 2.4375 
April 25, 7 8.75 2 Bored second set of holes, 
April 25, 11.80 A. a... 5.625 875 
April 25, 1P.M...... 4.4375 ‘875 
| April 25, 1.40 .. 4.625 815 
April 28 ............ | 1.4875 0625 
April 29............ 1.125 0625 


In September, 1894, the chimney leaned nearly two inches 
towards the river, and away from the mill. This inclination 
has come since the trench was filled, and is, perhaps, the result 
of the weight of the material with which the excavation on the 
high side of the foundation was refilled: This excavation was 
so large and deep that the material used to fill it probably 
weighed eighty tons, ANY VO 


od? ni od) no alaat Yo baa 
bw woliw of olde wor Aa 


Yrmedo lo of eft bas 

ta oc inane odt ton xi port 


» 


ay 


. 


vq 
— 
oetame STRAIGHTENING A LEANING CHIMNEY 100 FEET HIGH. 81 To 
> 
; 
; 
= & 
2 
ye 
~ 
= 
‘ = 4 
4 
a 
a 


oil} wi bor boll donett silt 


DCXII.* 


ss TESTS ON THE TRIPLE ENGINE AT THE MASSA- 


CHUSETTS INSTITUTE OF TECHNOLOGY. 
BY C. H. PEABODY AND E. F. MILLER, BOSTON, MASS. 


~ 
(Members of the Society.) 


At the meeting of this Society, in 1892, we presented data 
and results of tests made on the triple engine in the laboratory 
of steam engineering at the Massachusetts Institute of Tech- 


 nology.t We are now able to give further results, which, we 


believe, lead to definite conclusions concerning the behavior of 


3 our engine. Our former paper gave, at length, the manner 


of making tests and calculating results in vogue at our labora- 
tory, and the precautions employed to avoid errors of observa- 


tion or calculation. It is not necessary to describe the engine at 


length, but the main dimensions will be given for convenience : 


High-pressure Cylinder. 
Stroke .... 80.00 ins. 
Diameter piston-rod ane 2.19 ins. 


Clearance in per cent. of piston displacement 


C. E., 1.087 eu. 
Piston displ t 
H. B,, 1.102 cu. ft. 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Vol. XVI. of the Zrans- 
actions. 


+ Transactions of the American Society of Mechanical Vol. XIV., 
381, No. 521. 


| 
TESTS ON THE TRIPLE ENGINE = 
By 
| 
— 
| 
E., 8.88 
a termediate Cylinder. 
Dhameter 2.19 ins. 
sss Gdearance in per cent. of piston displacement ............. » 10.9 
H. E., 10.4. 
C. 3.480 
ai . E., 3. u. ft. 
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+ Clearance in per cent. of piston displacement 


3 _ results were obtained when steam was admitted to the jackets = 


-mnediate receivers. 


ON THE TRIPLE ENGINE, 


C. E., 12.27. 
i H. E., 12.18, 


H. E., 7.894 cu, ft. 


Our paper, printed in 1892, showed conclusively that the best a 


O No jackets 
—f-vackets on 


heads 4 


ind barrels 


: 


2 Ibs- Abs. 


B.T.U. per H.P. per min. 


10 15 20 25 30 35 
Per cent cut-off on High Pressure } Oader 


on the cylinders of the engine, but not to jackets on the inter- 


This, in our opinion, does not show that intermediate re- 
heaters are bad, but that they appear to be superfluous for our 
engine. The curve representing the series of tests made under 
these conditions, with the per cent. of cut-off on the high-press- 
ure cylinder for abscissw, and with B. T. U. per horse-power 
per minute for ordinates, appeared to be so well located and so 
characteristic that it was chosen as a sort of standard for refer- 
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TESTS ON THE TRIPLE ENGINE. 


ence, and drawn on all of our diagrams; it has been repeated 
on our diagrams representing the present tests. 
These tests are divided into three series in the table appended 
to the paper: 
= Tests 1 to 8 had steam in the jackets on the heads of the 


Tests 9 to 18 had no steam in any jacket. 
— Tests 19 to 21 had steam in the jackets on the heads and bar- 
__-rels of the three cylinders. 
Steam was not admitted to the jackets or intermediate re- 
heaters on the intermediate receivers, in any of the tests. 
The first two series are naturally the most interesting ; the 
third series of three tests was made to establish a comparison 
between the present condition of the engine and the condition 
- in 1892. In the interim the cases of certain large valves and 
the heads of the receivers have been covered with non-conduct- 
ing material, with a definite though small gain in efticiency, as 
is shown by the diagram (Fig. 18). The plain curve shows the 
heat consumption before the change, and the three crosses 
show as many tests after that change. In 1892 the engine used 
_-- 940 B. T. U. per horse-power per minute, with the cut-off at 25 
tol per cent. on the high-pressure cylinder ; in 1894, with the cut- 
off at 23.6 per cent., the consumption was 235 B. T. U. ; the gain 
from the additional non-conducting covering was apparently 


* 100 = 2 per cent. 
A comparison of the tests 19, 20, and 21 of 1894 with the 
tests of 1892 shows that the steam in the cylinders at cut-off 
and release was dryer after the additional non-conducting mate- 
vial was applied ; this, of course, confirms the result of the com- 
a. parisons of the heat consumptions, and both results are what 
- might have been anticipated. 
It is, however, a fact that the unavoidable error of the deter- 
2% mination of the indicated horse-power of an engine amounts to 
a large part of the quantity under discussion. We recognize 
also the hazard of applying the conclusions from two or three 
tests to conditions different from those of the tests, even though 
those conditions are not very dissimilar. We have concluded to 
e ieee base all of our comparisons of the relative economy of running 
* our engine with and without steam in the jackets, on the tests 
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“TESTS ON THE TRIPLE ENGINE. 
- made on the engine in 1892, without modification. Any one may yale 
allow 1 or 2 per cent. for the improved condition of the engine, __ 
: if he desires to. 
| The series of tests numbered 1 to 8, with steam in the jackets =»—> 
on the heads of the cylinders, are represented in Fig. 19. The 
curve is well determined, and shows a minimum heat consump- 
tion of 262 B. T. U. per horse-power per minute, with the cut- 
a off at 30 per cent. on the high-pressure cylinder. Assuming 


consumption to be 233 B.T. U. per horse-power per minute, 


© Jackets on Head 


2 Ibs. Abs. 


£ 
‘= 
a 
a. 
x 
a 
2 
a 


aN 


10 15 20 25 30 
Per cent cut-off on High Pressure Cylinder 


Fig. 19. 


=, 


ee at the minimum, with steam in the jackets on the barrels and tee 
heads, the ratio of the consumption is 
i, Most unexpectedly we have found a great deal of difficulty in 
ot roe getting concordant results from tests made on our engine with 
| no steam in the jackets. After having started a leak at one of 


the cylinder liners by starting the engine without steam in the 


xe 
250 
is 
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a jackets, we have fallen into the habit of blowing steam through ae 
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the jackets before starting. Now, the steam in the jackets brings 
the engine up to its maximum temperature promptly, and the 
engine test may be begun in fifteen minutes or half an hour 
after the engine has started ; the condition of the steam in the 
cylinder during a test under such treatment varies but little. 
On the other hand, after the engine is well heated up by the 
jackets, the stored heat has an influence on the condition of the 
steam in the cylinders for an hour or more after the jackets 
have been shut off; this is shown by the fact that the steam in 
the cylinders gradually becomes more moist and the steam con- 
sumption gradually increases. As our laboratory is kept very 
busy with a variety of work, we find it often inconvenient or 
impossible to run the engine at full load and under the condi- 
tions of the test, for an hour or two before the test begins; and 
many of our tests without steam in the jackets show the in- 
fluence of stored heat even though we allow all the time we can. 
The full effect of this difficulty was realized only after the work 
for the year was substantially finished, and as we shall proba- 
bly have the difficulty always with us, we have concluded to 
report our tests for what they are worth. It is to be remarked 
that the scattered effect of points on Fig. 18, representing 
tests without steam in the jackets, is largely due to the exagger- 
ated vertical scale, and that the discrepancies are not so great 
as they appear. Thus, with the cut-off on the high-pressure 
cylinder at about 31 per cent., we have the heat consumption 
varying from 267 to 278 B. T. U. per horse-power per minute ; 
that is in the ratio 
967278 ::1.04, 

and the variation of either extreme from the mean is not more 

than 2 per cent. 

If we assume the minimum heat consumption without jackets 
to occur with the cut-off on the high-pressure cylinder at 30 per 
cent., and to be 270 B. T. U. per horse-power per minute, we 
may make provisional comparisons with the consumptions with 
steam in the jackets on the heads, or with steam in the jackets 
on heads and barrels. 

The ratio of the heat consumptions with steam in all the © 
jackets and without steam in the jackets 
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PESTS ON THE TRIPLE ENGINE. — 
The ratio of the heat consumptions with steam in the jackets 
on the heads and without steam in the oe is 


262 :270::1:1.03 


It is our opinion that the heat consumption of this engine is 
_ really larger than 270 B. T. U. per horse-power per minute, and 
that the gain from the use of steam in the jackets is larger than 
is shown by the preceding ratios, to the extent of 1 or 2 per 
cent. 
_ Two remarkable and to us unexpected conclusions appear to 
- come from our tests on jacketing: (1) that there is compara- 
- tively little effect from jacketing the heads of the cylinders of 
our engine; (2) that the gain from jacketing is less for very 
short cut-off than for a cut-off at 30 per cent. on the high- 
pressure cylinder, at which our engine finds its minimum con- 
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DISCUSSION. 


Prof. D. 8. Jacobus.—These tests of Professor Peabody appear 
to be very carefully made, and the general result agrees with those 


a which have been obtained by Professor Reynolds, of Manchester, 


and on the engine of Professor Alden at Worcester, which is that 


in small engines the gain due to jacketing may be considerable. 
It is not logical, however, to apply the same reasoning to larger 


- commercial engines, because for greater dimensions of cylinders 
the ratio of the surface to the cylinder volume is different, and we 


know that we get different results. Even in an engine tested in 


‘ the way these were, it is difficult to apply the results to larger 


* Author’s closure, under the Rules, 


engines. For example, these tests are compared at equal cut-offs. 


But you will notice in the table that for equal cut-offs the horse- 
power generated for a given cut-off without the jacket is much less 
than the horse-power generated for the same cut-off when the 
jacket is in use. For example, at 24 per cent. cut-off we find 86 
horse-power without jacket, and over 100 when jackets are in use. 
To make the comparison exactly, you would have to preserve the 
cut-off at .24 and have the horse-power the same, and to do that 
we would have to make the engine without the jacket larger than 
the engine with the jacket, but then we get a different law of 
cylinder condensation. This is well shown by Dr. Emery in his 
exhaustive tests at the Novelty Works, which prove that the cylin- 
der condensation for large cylinders is much less than for small 
ones. So that, if we alter our dimensions for our engines in 
order to preserve the same cut-off and horse-power, we would 
diminish the difference shown by Professor Peabody in favor of 
jackets. We cannot, therefore, predict results for large commer- 
cial engines from the results obtained by tests of these small 
engines. If we want to predict the result for any engine, we 
should compare it with a test of some engine which is similar in 
its size to the engine of which we seek to ascertain the economy. 

Prof. C. H. Peabody.*—We agree with Professor Jacobus that 
extreme caution is required in trying to infer the effect of any 
device applied to a large engine from the results of tests made on 
a small engine, but we cannot admit that an engine with a cylinder 
24 inches in diameter and 30 inches stroke is a small engine. We 
are of the opinion that any device which shows an amelioration 
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of the bad effects of initial condensation on such an engine will 
have a like effect, though in a somewhat less degree, on an engine 
which differs from it only in being several times as large. 

We fail to see the force of the last remarks of Professor Jaco- 
bus. The engine shows its best economy at about 30 per cent. 
cut-off for the high-pressure cylinder with or without steam in the 
jackets. The curve of thermal units per horse-power per minute 
with steam in the jackets is well determined, as will be seen by 
referring to our previous paper,* and it shows that the heat con- 
sumption is increased about two per cent. by shortening the cut-off 
to twenty-five per cent. on the high-pressure cylinder. On the 
other hand, the distribution of the points showing the heat con- 
sumption without steam in the jackets shows that the cut-off may 
be lengthened to a larger extent with a less effect on the consump- 
tion. It therefore appears that a comparison of the performance’ 
of the engine with and without jackets when developing the same 
horse-power will show substantially the same result as that given 
in our paper. 

Again, if it be admitted that an engine without jackets might 
be advantageously made larger for the same work than would be 
required if jackets were used, it is impossible that the increase of 
size by one-fifth, or somewhat more, can have a marked effect on 
the initial condensation. 


* Transactions of the American Society of Mechanical Engineers, Vol. XIV., p. 
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A GRAPHICAL METHOD OF DESIGNING SPRINGS. 
BY G. R. HENDERSON, ROANOKE, VA. 
(Member of the Society.) 


At the Pittsburgh meeting of this Society, in 1884, Mr. John 
W. Cloud presented an interesting paper on Helical Springs,t 
which has been largely used by parties designing springs for 
railway equipment and similar purposes. He plainly demon- 
strated that a circular cross-section of bar was the most 
economical one, and we are glad to note that all other shapes 
of sections are gradually passing out of existence, and that the 
circular section is taking their place. 

The formule which Mr. Cloud gave, and which have most 


general use, are those for strength and deflection of the spring 
of circular section, viz. : 


_ 


32 PR 
where 
P = load on spring. 
S, = maximum shearing fibre strain in bar. 
d = diameter of steel of which spring is made. 
_& = radius of centre of coil. 
1 = length of bar before coiling. 


= modulus of shearing elasticity. whet ¢ 


J = deflection of spring under load. testy 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Vol. XVI. of the Trans- 
actions. 


+ Transactions of the American Society of Mechanical Engineers, Vol. V., p. 
178, No. 142, 
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Reuleaux, in Der Konstrukteur, gives, for semi-elliptic springs : 


S = maximum direct fibre strain in plate. — 
n = number of plates in spring. ae 
= one-half length of spring. = 
P = load on one end of spring. 
b = width of plates. 
h = thickness of plates. 5 
J = deflection of end of spring. 
E = modulus of direct elasticity. 
The above formula for deflection can be relied upon where all 
the plates of the spring are regularly shortened (see Fig. 20) ; but 
in semi-elliptic springs, as used, there are generally several plates 
extending full length of spring (see Fig. 21), and the proportion 
of these long plates to the whole number is —- about one- = 
fourth. Insuch cases the valueof = 


While all these formule are simple, yet containing several 
variables and powers, a great deal of time is often consumed in 


* we a spring with all the ee full length we would have 


80 for one- wen of the leaves full length, the deflection would be decreased 
approximately one-fourth of the difference between 
4 PP 5.5 PP 


and °° 
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Ga _ determining the most advantageous proportions for the purposes 
= “required. The writer, having much spring designing to do, has 
_ therefore laid out a few simple diagrams, which facilitate greatly 
the calculations of proportions of new springs, and the properties 
springs whose proportions are known. 
_ -In the Engineering News of Sepiember 28, 1893, Prof. W. F. 
¥ Durand, member of this Society, called attention to the use of 
- logarithmic cross-section paper for rapidly solving equations 
containing variables affected with various indices, and it is to 
the use of this paper, in connection with these spring formule, 
that I desire to call your attention.* 
_ We will first decide on the values to be given the several 
constants in the above equations. 
<a  §, should be taken at 80,000 pounds per square inch, 
_when spring is down solid. This is equivalent to a value of 
fe ~ §= 100,000 pounds per square inch, and is well inside of the 
= _ elastic limit for tempered round steel up to 1} inch diameter. 
t S should be taken at 80,000 pounds per square inch, with 
we maximum static load on spring; the test load may be 25 per 
cent. greater, or up to 100,000 pounds per square inch, and the 
oscillations may cause this strain, or slightly more. 
E may be taken at 30,000,000 pounds. 
G may be taken at 12,000,000 pounds. d 
Referring now to diagram No. 1 (Fig. 22), “Strength of Helical a 
Ue 
P = tons (2,000 pounds) load on spring when down solid. 


S,2d 


3 
P= 16 R? considering that 


S, = 80,000 pounds, or 40 tons, when down solid. “eo 


If R and d are in inches, then 


‘P= and log. P = log. C — log. + 3 log. d, 
when 


. log. P = log. 7.85 — log. R + 3 log. d 


*For explanation of logarithmic cross-section paper, see Engincering News, 
‘Vol. XXX., p. 248. 
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tangent is 3. Now, if we wish to know the safe load in tons __ 
STRENGTH OF HELICAL SPRINGS 


Diagram No.1 
1 2 3 4 5 


8 
Fie. 22. 


_ ad? Re 
P= = log. P= log. C log. R + 3 log. d. 2 


C= 17.85. log. P = log. 7.85 — log. R + 8 log. d. 


P= tons safe load on spring when spring should be solid ; Ss = 40 tons of 

= radius of coil, and d = diam. wire, in a8 ee 


Starting, then, at point 7.85 on the axis of ordinates, we find ie bee 
that log. is —, and its coefficient = 1,s0 we draw a line A 
downwards at an angle of 45 degrees (tan. = 1). 3log.d we 
represent by lines drawn upward (+), and at an angle whose 4 : 
| 
|| 
| 
_ 1.85 to intersection with ordinate marked 2, which rs_at 
3.93 on the vertical scale. As d < 1, start 
= 


at 3.93 vertically, and run down parallel with the slant lines to 
7.5 (.75 x 10, considered to be in the contiguous left-hand 
square, as any number less than one has a negative logarithm) 
ordinate, and read 1.65 tons off on the vertical scale; at this 
load the spring should either be solid, or arranged so that no 
further strain could come upon it.* 


DEFLECTION OF HELICAL SPRINGS 
No.2 


f= and for P =1 ton, andi = 100", f =.17 
Log. f = log. .17 + 2 log. R — 4 log. d. 


f = deflection with one ton load, if spring were 100 inches long; R = radius of 
coil, in inches ; d = diam. of wire, in inches, 


If d = 1} inch, then run up on left side from 3.93 and find 
at intersection with 1.25 ordinate, 7.6 tons. By reversing the 


2 \\ 


Fig. 23. 


* It is customary to give helical springs a maximum static load about one- 
half the solid load, though two-thirds is symetimes used. 
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s, - jprocess, the size of steel for a given load may be found, and, in 
ag fact, every variation of the problem may be quickly considered. 
ber _ A careful inspection of the diagram will readily show how easily 
this may be done. 

STRENGTH OF ELLIPTICAL SPRINGS 


Diagram No,3 
1 5 


2 
10 Pandl= 10 10 
YA 


A 
LL 


Vie 


3 
24. 


nb = = yy Pl = OPI, and log. nb = log. C + log. 1 + log. P. 


alues of C for values of A C=72 461 82 2.35 18. 


P=tons total safe working load on spring ; 7= span, in feet; nb = total 
width of plates, in inches; 2 = thickness of plates, in inches. 


In designing a spring, after we have determined the size of 
steel and coil, we must next consider the deflection. Diagram 
No. 2 (Fig. 23), “ Deflection of Helical Springs,” is drawn up from 
formula 2, 


io honing inthe following manner: 
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Determine the deflection for 1 ton of load and for length of 
100 inches by letting P = 2,000 pounds (1 ton), 

100, and G, as above, 12,000,000, then 


a 


“he log. f = log. .17 + 2 log. R—4log.d . 


where f = the deflection in inches per ton of load at 100 inches 
long, # and d being in inches. 

Now, starting at ordinate .17 (considering unity at upper 
boundary line), we represent + 2 log. R by an upward line 
whose tangent is 2, and reproduce it a second time, as in an 
upper superimposed square; —4 log. d we represent by the 
downward (—) lines inclining at an angle whose tangent is —4. 

Thus, a spring, with bar 70 inches long before coiling, with 
R = 2 inches and d = 13 inch, would deflect .3 inch per ton of 
load. 

Run up line marked # to abscissa 2, at .68, and then down 
the slant lines from .68 to abscissa 1.125, and find .43 inch, and 
as this is for 7 = 100 inches, then .43 x .70 = .3 inch = deflec- 
tion per ton of load for given spring.* | 


* Double coil springs in nests. Combining formule 1 and 2 we have 


_2RIS, 28, 
I= ~ Gd @ 


and as f must be the same for both coils, = should equal y (capitels for out- 


side coil and small letters for inside coil). 
Now the solid height must be the same, so 
LD ld ID Ila 


R r 


then VL = nl and also and 
N N 1 


R 
D~ 


or N? = n’, and N=n 


£L=1, and 


that is, the lengths of both coils should be the same, and the diameter of steel 
should be proportional to the respective radii of the coils. 
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GRAPHICAL METHOD OF DESIGNING SPRINGS. 99° 
vs Let us now take up elliptical springs. Diagram No. 3 Fig. 24), 
_ “Strength of Elliptical Springs,” was constructed as follows: = 
In formula 3, P= , P was made equal to half the total = 
Toad on spring, and / equal to half the span; but we will now | 4 = 
ini - consider that P = total safe working load on spring, in tons, and 
= span, in feet; other values as above, 


40 nbh* __ 40 nbh’, 
~ 6 120) 


18 
= CPI, where C = 


and log. nb = lo8 C + log.1 + log. P 

Forh=+inch, ;, inch, #inch, inch, inch. 

C= 1.2, 4.61, 3.2, 2.35, . 18. 4 

As these components are all positive, and all of the first 

power, the slant lines will all be at an angle of 45 degrees, and © 
in the first quadrant; and there should be lines starting at 1 8, 
2.35, 3.2, 4.61, and 7.2, to correspond with the different values of 
C given above. 

Take a semi-elliptic spring of 3 feet span, to carry 5 tons. 
static maximum load, and to be made of # inch x 3 inch steel 
plates. Start at 3.2, and follow up to intersection with ordinate 

8 at 9.6, then from 9.6 the slant line ends at 10 without in eal 
- ing ordinate 5 for value of P. We must, therefore, follow up— 
from the same point projected to base line, remembering that 
we are now in a superimposed square, as far as values in the 
vertical are concerned, and that readings are to be multiplied 
by 10. The intersection with ordinate 5 is at 4.8, or multiplied 
by 10 = 48 inches for nb, and as plates are to be 3 inches wide, 
_ 48 = 16, as the number of plates needed. 
__ _If the spring be double, or full elliptic (as in passenger cars), 
nb refers to the plates in one-half of spring only. 
For the deflection of semi-elliptic springs, see diagram No. 4 
(Fig. 25). Formula 5, /= , reduced to the same values as 


formula 8, becomes 


5.5 PP _ 6.5 x 1,000 x 


= 
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where f = deflection in inches, per ton of load, and a“ on-hat 
h= tinch, #inch, }$ inch, 
{ado} C= 2.53, -75, 


sO log. f = log. C +3 log.J—log.1b . . 


DEFLECTION OF SEMI-ELLIPTIC SPRINGS 
Diagram No.4 
1 


6 9 
1, land 


7 8 
100 1000 
N KW 


5 
100 


KN 


x 


7) 
Fie. 25. 


and for P = 1 ton (2,000 Ibs.) and in feet 
= 46 = 1 ton (2, and / in feet, f= nb» 


Log. f = log. C + 3 log. 7 — log. nb. 


pool 
C=2.58 .75 .81 


Sf = deflection, in inches, per ton of load ; 7 = span, in feet ; nb = total width 
of plates, in ioches; 2 = thickness of plates, ininches, = 


Values of C for values of h = hA= 34 
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And from points 2.53, .75, and .31 we must draw upward lines 
whose tangent is 3, and for log. mb, lines downward at 45 degrees. 
(All the 3 log. 7 lines must be extended to run into one or more 
superimposed squares.) 

DEFLECTION OF ELLIPTICAL SPRINGS 


2 § 4 5 6 
1. 10 land nb=10 100 100 1000 
IN 


Diagram No.5 


x 


VA 


7 
YY 


if 


Za 


LMA 


x 
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N 
N 


N 
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f= Enbh® and for P = 1 ton (2,000 lbs.) and / in feet, f= 
Log. f = log. C + 8 log. J — log. nb. : a 


Aa +" 
C= 5.53 1.64 .69 

f= deflection, in inches, per ton of load; 7 = span, in feet; nb — total width of 
plates, in inches (} spring); A = thickness of plates, in inches. 


Values of C for values of A = 


Taking the spring above considered, we follow up from .75 
(7.5 = 10) to top, start at bottom and run up second line marked 
%, then again up third line marked % to intersection with ordi- 
nate 3, we read 2 x 10 (as we have passed to second upper 
square) = 20. Now, from 20 downward we pass unity x 10 = 10, 
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and then from top to right side we run off at 2 (having 
reached only nb = 10), then, starting again at 2 on axis of ordi- 
nates, run down into lower square (reading + 10) to intersection 
with 48 (4.8 x 10), we find f = 4.15 + 10 = .415 inch per ton of 
load, and for 5 tons f = .415 x 5 = 2.075 inches. 

For the deflection of elliptical springs we refer to formula 


No. 4, f= aie and diagram No. 5 (Fig. 26). Now, P and / must 


be treated as in the last case, but the spring being composed 
of a pair of springs (one erect and one inverted), the value 


of f must be doubled, so 


12 PP 12 x 1,000 x (427) 


equalling 12% 1,000 x 6 
30,000,000 


and f being the deflection in inches per ton of load, while for 


h=tinch, inch, } inch, 
= 5.58, 1.64, .69; therefore, 


log. f = log. C+ 8 log.i—log. nb ... ... .. (10) 


As the method of using the diagram (No. 5) is identical with 
diagram No. 4, it will not be necessary to give an example. 

In order-to show that these formule (which have been deduced 
theoretically) are perfectly practical in their application, we give 
below some actual tests of springs, showing also the — as 


TESTS OF HELICAL SPRINGS. 


No. 
tested. J max. 


— 
H 
— J= 
| 
‘4 
| 
—— 
aN 
— 
by 
Ref. No | R | a | save. || aiden 
2.08 94 | 64 12 .66 | .50 
| 10 82 | .29 | .81 83 
| 


Tests OF SeMI-ELLIPTic SPRINGS. 


nb J max. | 


2.58 44 83 
2.83 49 
2.83 
8.33 


Tests OF ELLIPTICAL SPRINGS. 


nb Ho. J max. | fmin. 


16 24 21 
20 
44 


Prof. L. S. Randolph.—This paper gives a very marked im- 
_ provement on the usual method of calculating springs. Some © 
_ ago I had to redesign the springs for a railroad, but soon — 
found that the amount of labor involved was prohibitory to the. 4 
proper study of a spring until I had a series of tables calculated — 
for each style of- spring, and even then the labor attending the 
design of a given spring was excessive. The method devised ans 
the author of the paper seems to me exceptionally valuable on _ 
account of ease with which the effect of slight variations can be : ee 
studied. 
ANE 3 For elliptical springs a modulus of elasticity of thirty-two mil- — om 
_ lion was found to give more accurate results than thirty million; = 
in fact, that figure was obtained from the results of tests of a lates. rar “J 
number of elliptical springs. The maximum shearing fibre strain _ 
varied with the variation in the diameter of bar; subse- 
aa quent experience with the springs designed in that way iedicsited a a 
_ that it was a useless refinement, and that the figure given by Mr. | 
~ Henderson (80, 000) should be used for all ordinary sized bars. | 
Mr. Wm. Kent.—I would like to ask Mr. Henderson if he has 
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compared the results he has obtained with those published in the 
specifications of the Pennsylvania Railroad Company for springs, 
and also the paper published by Mr. J. Begtrup in the American 
Machinist about two years ago, which gives a very complete 
table for the working of springs of a great number of sizes. I 
had occasion to look up this subject some time ago, and found a 
paper by Mr. Hartnell, of the British Institution of Mechanical 
Engineers, treating of the subject, and the figures given by 
Rankine and Clark were shown to be very far away from the 
results of recent figures. Engineers generally, who have any- 
thing to do with springs, like much better to look at a table and 
pick out from it the spring which they want, rather than to 
design one themselves from a formula. Mr. Begtrup’s table is 
very convenient for the purpose, but if we want a spring outside 
of the range of the table, of course we would have to use a 
formula. 

Mr. Henderson.*—I\ will say that I do not recollect having seen 
the paper in the American Machinist to which the gentleman re- 
fers, but as far as the Pennsylvania Railroad specifications are con- 
cerned, I have tried quite a number of them, and they agree very 
nicely with the diagrams. I was connected with the Pennsylva- 
nia Company when I worked up formula 5. I made tests of a 
great many driving springs at Altoona, and found that the deflec- 
tion came nowhere near the formule given in books, and it 
occurred to me that the reason was this, that a semi-elliptic driv- 
ing spring has a number of leaves extending the full length of the 
spring, and therefore is partly between a beam of uniform section 
and a beam of uniform strength ; and by modifying the coefficient 
according to that proportion, I got a formula which corresponded 
very closely with actual tests. 

With regard to the length of time taken in looking up a spring, 
I think you can use these diagrams about as quickly as looking up 
ina table. It is very seldom that you can find in a table what 
you want. Any one can design an elliptic spring from these two 
tables in about two minutes. It will take one minute to find the 
width of the plate and another minute the deflection. (Coil 
springs take somewhat longer.) 

In regard to the coefficient of elasticity, of which Mr. Randolph 
speaks, I based these figures on 30,000,000 instead of 32,000,000, 
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‘ and the result is that they agree so nicely with the actual tests a 
that it hardly seems necessary to modify them. is 7 
In this connection I would like to suggest that if any one wishes — 

— to use these diagrams he should lay them out on logarithmic paper. se 

He can obtain such logarithmic paper from Keuffel & Esser, New | 
= It costs about sixty cents a quire. The paper is coon 
up in tenths, and you can pick out very readily the exact v alues : 
that you want, and these sheets make very nice blue prints, that __ 
can be used, preserving the originals. ey 
After the meeting, Mr. John R. Freeman, member of this 
Society, sent me some sample sheets of beautifully engraved loga- i 
rithmic cross-section paper, extending in both directions to 100, 
instead of 10 as in the diagrams. This paper would be very sat- 
_isfactory for this purpose. 
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le 
THE: following description of a drawing-board, easel, and blue- 
print frame is presented to the Society as furnishing simple and 
inexpensive examples of these items of office equipment. 
The drawing-board shown in Fig. 27 has a top 36 inches by 54 


inches, glued up with saw-cuts on the back in the usual way. It 


x 1" 


144" 
12968 
SCALE 
is of this size to suit standard sheets 23 inches by 36 inches, as 
described in paper No. 596, read June, 1894.+ The top is made 
adjustable for slope and height by the slotted supports, as shown. 
This allows every draughtsman to suit himself in this regard. 


* Presented at the New York meeting, December, 1894, of the American Society 
of Mechanical Engineers, and forming part of Vol. XVI. of the 7ransactions. 

+ The Relation of the Drawing Office to the Shop in Manufacturing: 7rans- 
cations American Society Mechanical Engineers, Vol. XV., p. 965, No. 596. 
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The lower frame and legs are of oak, neatly shausieands These 
tables complete were made by a plain carpenter and cost $7.50 
apiece. 

Each draughtsman needs besides his board some convenient 
means of holding drawings for reference. The easel (Fig. 28) fills 
this need. A number of drawings can be attached to the top 
edge by spring clothes-pins or clips, and turned over the back as 
required. This easel is also “ home-made ” and cost $6 each. 


2"x 
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The blue-print frame shown in Fig. 29 is 25 inches by 38 inches 
inside. It is carried on two pairs of small grooved wheels 
attached to the side, and upon which it is reversible, as shown. 
The tightening of the back is done by three cross-bars pivoted at 
their centres. The ends of the bars engage with cleats screwed 
to the inside of frame at a slight angle, so that they wedge the 
bars to any desired pressure on the back. It is not considered 
necessary to eer for a double-swing support so that the sur- 
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te face of the frame can be brought normal to the sunlight. This 
undoubtedly allows of quicker printing during morning and 


“At? 
« 


evening hours; but the saving is not nile and is obtained at the 
_ expense of simplicity. This frame cost about $18, including iron 
track and plate glass three-eighths inch thick. 


Mr. C. J. H. Woodbury.—In connection with the subject mat- 
ter of this paper, there is a very simple method of making tracings 
‘upon drawing paper, not upon tracing cloth or tracing paper, by 
means of a drawing table (Fig. 30), which I might almost call a 
_ drawing board made of a sheet of plate glass, and underneath 
; which is placed an incandescent lamp with a conical shade, 
trained right directly under the glass, in an inverted position, and 
close to the lower surface. This: will throw the light through two 


~ oe: oa - of drawing paper well enough to reveal the original draw- 


, so that, section by section, a drawing can be copied, and the 


ond copy will appear like an original drawing, and not a 
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The wood frame around the plate is flush with the upper 
surface of the glass, and is about half an inch thick at the outer 
rim, so that it will serve to secure the two sheets of paper, either 
by thumb-tacks or by spring clamps. : 

The cross-bar of the standard for an ordinary incandescent drop- | 
lamp fixture is one of the most convenient forms for this purpose, 


and is secured to any position by four strings, tied with slip-knots i 
_ to the four legs of the table. 

a Mr. George PR. Henderson.—We had occasion to make a number 
of tracings on bond paper, and it was rather thick to see through. ¥ 

Whe We adopted very much the same plan as described by Mr. ebonanll 

the I had a pane of glass, 
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10 x 13 inches, inserted, and by laying the tracing to be copied 
from on the glass, and then the bond paper on top, with some 
illumination underneath, it worked very nicely. It is practically 
the same device described by Mr. Woodbury, but it is not quite so 
large. It was intended to produce small sketches, about 9 x 14 
inches. The rest of the table was just the same as an ordinary 
tilting drawing table. 
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COMPARISON OF THE ACTION OF A FIXED CUT-OFF 
AND THROTTLING REGULATION WITH THAT OF 
THE AUTOMATIC VARIABLE CUT-OFF, ON COM- © 
POUND AND TRIPLE-EXPANSION ENGINES. i 
‘ge BY CHARLES T. PORTER, MONTCLAIR, N. J. 
ie (Honorary Member of the Society.) ys 
; THEORETICALLY, the regulation of the speed of steam-engines 
_ by the automatic variation of the point of cut-off has a decided 
advantage, in respect to economy, over the method of throttling 
from any point of cut-off whatever. When to this there is added 
the feature of regulation at the point of admission to the cylin- 
der, it is no wonder that the system of automatic variable ex- 
_ pansion, in one or the other of its two forms, as operated by 
a detuchable or by a positive-motion valve-gear, should have 
come, as it has done, into well-nigh universal use, on stationary 
- engines which aim at economy. 
For more than forty years following Mr. Sickles’ invention of 
_ the liberating valve-gear, or trip cut-off, as it used to be called, 
in 1842, which was the foundation of the liberating system, 
the cut-off, in its many forms, held the minds of American 
engineers by such a fascination that they seemed unable to 
look beyond it. Perhaps no other subject ever called the versa- 
tile American ingenuity into such a remarkable state of activity. 
‘The Scientific American was the leading mechanical journal 
_ published in this country before the war. I remember saying 
to Mr. Munn, its principal proprietor, that he ought to name it 
the Weekly Valve and Cut-off, from the constant succession of 
_ these devices which appeared in its columns. Now we are 


* Presented at the New York meeting (December, 1894) of the American 
_ Society of Mechanical Engineers, and forming part of Vol. XVI. of the Zrans- 
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COMPARISON OF FIXED AND VARIABLE CUT-OFF. 


returning to that which was held by Watt to be.of great impor- 
tance, and the subject which to-day seems uppermost in engi- 
neering thought is, cylinder condensation and how to prevent it. 


: Y _ Engineers are alive to the fact that the,variable cut-off system, 
3 _ admitting the full boiler pressure to the cylinder, requiring the 
internal surfaces, at the commencement of each stroke, to be 


- reheated, by the entering steam, from the temperature of the 


= exhaust up to that of the boiler, and then filling the waste room 


with steam of full density, presents the conditions for the great- 
_ est loss of heat, and waste, also, of the uncondensed steam. 
As the steam is cut off earlier and earlier, the percentage of 


es loss from both these causes obviously increases. It is true that 


less heat is transformed into work, and more of this is supplied 
_ by heat set free on expansion, but the difference between these 
at different points of cut-off is comparatively insignificant. 
These losses are so serious that, in the judgment of prominent 
builders of variable expansion engines, at very early cut-off the 
steam lost from the first cause alone “is in excess of that use- 


_ fully employed.” They are much reduced by expanding through 


two or more cylinders. Indeed, the high pressures, now coming 
into use with so much advantage, could not be successfully 
worked in a single cylinder, chiefly on account of the enormous 
losses which would be suffered from these two causes. 

The principal gain in compound and triple-expansion engines 


t. is obtained from the greater number of expansions employed. 


But a large gain results, also, from the avoidance of early cut- 
off. It is a most interesting and valuable feature of this sys- 
tem, that a large number of expansions are obtained while 
cutting off in each cylinder at a comparatively late point of the 
stroke. 

The gain from the avoidance of early cut-off is proved in 
common practice. If, for example, it is desired to employ 9 ex- 
pansions in a non-condensing engine, expanding, say, from 162 
pounds to 18 pounds, total pressures, it is found much more 
economical to use two cylinders, and cut off at about one-third 
of the stroke in each, than to cut off at one-ninth of the stroke 
in one cylinder. Again, in triple-expansion engines, as made 
until now, it has been found that there is no gain in em- 
ploying much over 20 expansions, cutting off not earlier than .3 
of the stroke in each cylinder. The gain from a greater num- 
ber of expansions, considerable as it is, becomes neutralized, or 
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converted into positive loss, by the.increased proportionate 
losses from cylinder condensation and waste room. If a much 
larger number of expansions is desired, this has required the 
addition of a fourth cylinder. 

When the variable cut-off is employed on engines working 
under large changes of resistance, then, whether the engine be 
simple or compound or triple expansion, just in the degree 
that the variable feature comes into action does the cut-off run 
to more wasteful points of the stroke, and often, indeed con- 
tinually, to points which are exceedingly wasteful. 

It has appeared to me that an opening presented itself for a 
large improvement in the direction of economy, by employing a 
fixed point of cut-off, suitably selected, and regulating by means 
of a throttling governor ; thus avoiding early cut-off entirely. 
There can, I think, be no doubt that, although the theoretical 
gain by cutting off earlier is considerable, this is out-weighed 
many times over, by the increase in the losses from cylinder 
condensation and waste room. 

Additional reasons for this belief are afforded in the facts, 
that, in its passage through the throttling valve, the steam is 
dried, or if already dry is superheated, by heat set free on re- 
duction of pressure, and that the efficiency of the steam-jacket 
to prevent cylinder condensation increases just in the degree 
that the pressure of the steam entering the cylinder has been 
reduced by throttling. It is true that in the intermediate and 
low-pressure cylinders the temperature in the jacket may always 
be higher than that of the entering steam, so that the last point 
is pertinent to the high-pressure cylinder only; but the especial 
importance of preventing cylinder condensation at the com- 
mencement of the application of the force of the steam is suffi- 
ciently obvious. 

In the system here presented, the economic conditions are, as 
will appear in following papers, considerably improved over ex- 
isting practice ; but in order to observe the gain resulting from 
avoidance of early cut-off merely, these conditions will now be 
supposed to be the sam. Let the losses from internal condensa- 
tion and waste room be assumed at 20 per cent. in a variable 
cut-off engine, and also in a fixed cut-off engine, both cutting off at 
one-third of the stroke in each cylinder, and working dry steam. 
Tn the former engine, these losses continue the same, however 
early the cut-off may take place. When this is at.1 of the stroke, 
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a not unusual point, they add about 70 per cent. to the steam 


usefully employed. 


If the latter engine be throttled to a corresponding reduction 
of power, then from the superheating of the steam, and the in- 
creased efficiency of the steam-jacket, and the complete filling of 
the waste room by compression, these losses, instead of increas- 
ing in relative amount, must nearly if not quite disappear. The 
diagrams on pages 115 and 116 were taken by Professor Denton 
from one of these engines, running at a speed of 300 revolutions 
per minute. The smaller one shows this complete compression. 
It is to be observed that the pressure cannot rise by compres- 
sion quite to the initial, as shown in this diagram, unless the 
interior surfaces have been brought up to the full correspond- 
ing temperature before admission. 

A fixed point of cut-off is also better adapted to the system of 
compounding. The volume of steam exhausted from the high- 
pressure cylinder is a constant volume. It is clearly necessary 
to the proper manipulation of the steam, that the volume or 
capacity of the receiving cylinder, up to the point of cut-off, 
shall be equal to this, and shall be constant. The fixed cut- 
off enables this requirement to be complied with. A variable 
cut-off on the receiving cylinder renders such a compliance im- 
possible. The volume in this cylinder, up to the moving point 
of cut-off, may be two or three times too large, or it may be an 
indefinite number of times too small. It is clear, that if the 
variable cut-off had not been already in common use, nothing so 
unsuitable would ever have been devised for this purpose. 

For the attainment of the best results from the system of 
fixed cut-off and throttling regulation, several things are re- 
quired. Prominent among these are, a better means of steam 
distribution, a more sensitive governor, smaller waste room, dry 
steam, and immunity from water in the cylinder on starting, the 
possibility of which latter, in any serious amount, would render 
small waste room impracticable. These requirements, together 
with others of a less imperative nature, I have endeavored to 
supply. The means employed for this purpose will be described 
in following papers. 

It remains to notice objections to this system which will 
naturally suggest themselves, and which must be shown not to 
be well founded, if the system is to be received with favor. 

The first will be, that the throttling engine will not regulate 
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_ go closely as much of the service of the present day requires. This _ 
objection would be well taken if a sluggish governor were com- __ 
bined with a large steam-chest; therefore, I do not use these. 
The engine has no steam-chest, only the necessary pipe connec- 
tion. I have also devised a form of governor that is entirely 
frictionless. These two features give the closest possible regu- 
lation. Unless the fall of resistance be very great and sudden, 
the piston will not, during even a single stroke, receive an 
excess of pressure above that which is necessary to produce 
action in a frictionless governor. This will be an advance in 
regulation. 

A second een may be, that the steam will be wire- 


Fie. 31.—Full Power Load. 300 Revolutions. Scale 40. 


drawn. The diagram on the next page shows that this is not — 
likely to be the case. | 

A third objection will be want of range. This, if itexisted, 
would be serious, rendering the engine unsuitable for many 
important uses. But it does not exist. The valves are actuated 
by a cam, which may be made of a form cutting off at any 
desired point up to three-fourths of the stroke, although I 
apprehend that five-eighths is as late as will ever be employed 
Let it now be required to combine in the best manner economy 
and range. I should, for such a requirement, use acam cutting © 
off, say, at .85 of the stroke in each cylinder of a series This _ 
will give, theoretically, 2.8 expansions in one cylinder, about 8 
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expansions in a compound engine, and 22 expansions in a triple- 
expansion engine. The cam motion enables, as will be shown in 
another paper, about 80 per cent. of the theoretical expansion to be 
realized in practice. These expansions give excellent economy 
in non-condensing and condensing engines respectively. The 
range is from the boiler pressure, say 150 pounds gauge press- 


Fie. 82.—Friction Load. 800 Revolutions. Scale 40. 


ure, following .35 of the stroke in the high-pressure cylinder, 
down to 0. The point of cut-off is as late as is consistent with 
economy. It cannot be‘made later without sacrificing, in a 
greater or lesser degree, the gain from expansion. So the 
engine has ample range and ample expansion, While avoiding an 
earlier cut-off than .35 of the stroke. 
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DESCRIPTION OF A CAM FOR ACTUATING THE 
VALVES OF HIGH-SPEED STEAM-ENGINES. | ee 
: 


BY CHARLES T. PORTER, MONTCLAIR, N. J. 


ais (Honorary Member of the Society.) 


THE limitations which are imposed by the eccentric on the — 
- movements of the valves of steam-engines have always been to i ie 
engineers a matter of extreme regret. In the liberating valve 
= _ gear the most serious of these limitations are avoided, but at 
the cost of separate ports and valves for exhausting, and of 
_ restriction to a slow rotative speed. Positive motion valve gear | 
oe must be employed on engines which are run at high rotative ta 
speeds, and in these engines, unless the complication is — \ 
duced of independent cut-off valves operated by a separate 
-_ ecentric, or of an independent exhaust, all these limitations a 
the valve motion have to be submitted to. et 
_ But are we really shut up to the eccentric? Cannot any a 
better means be found for imparting motion to the valves? 
_ The cam to be here described is presented as affording a prac. 
tical solution of this problem, so far, at least, as relates to sta- — ae 
_ tionary, non-reversible engines. Its application to gk 
engines has not yet been considered, but it is not thought to 
any serious difficulty. 
The term “cam” will at first strike engineers in a manner not 2 
| a favorable. One of large experience, after witnessing 
the operation of this cam, seeing it to be so different from all 
that in his mind was associated with the word, insisted that it ee, 
Was not a cam, and ought not to be called so. It is, however, a = 
‘ Es cam ; there is no other name for it. 


In presenting this cam, I will first state what it does, and 


* Presented at the New York meeting (December, 1894) of the American 
a of Mechanical Engineers, and forming part of Vol. XVI, of the Ge: ae 
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afterwards give a description of it and of the method by which 
it is developed. | 
Its use is as follows: 

First.—It imparts to the valves an opening movement, for 
steam admission, which, cutting off at two-tenths of the stroke, is 
three and one-third times larger than that given by an eccentric 
Mae of the same throw advanced to cut-off at the same point. This 
advantage, of course, diminishes as the point of cut-off is carried 
later. Cutting off at four-tenths of the stroke, the opening made 

7 by the cam for admission is twice as wide as that made by the - 
eccentric. 

_ Second.—It permits the expansion to continue, in all cases, to 
z ~ eleven-twelfths of the stroke, compression taking place at the 
game point of the return stroke. These points may be varied some- 
a. what, by giving exhaust lead or lap to the valves. The effect 
of a. small amount of exhaust lap is shown in the diagrams taken 
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_ Third.—It compensates for the inequalities in piston motion 
_ which are produced by the angular vibration of the connecting- 
rod, making the point of cut-off the same on the opposite 
strokes, and giving at the back end of the cylinder the greater 
lead, and wider opening for admission, which are required by 
the more rapid motion of the piston at that end of its stroke. 
As a consequence of the larger opening, the cam enables per- 
fect steam distribution to be made, at high piston speed, by the 
use of comparatively small valves, the same valve performing 
the functions of admission, cut-off, and release, and making a 
single opening for admission and a single opening for release. 
_ _This gives extreme simplicity of construction. This simplicity 
; enables the waste room to be reduced to from one and one-half 
per cent. to two per cent. of the piston displacement, for a piston 
_ travel of seven hundred and fifty feet per minute, with a stroke 
of thirty-six inches. The manner in which this reduction of 
waste room 2% effected will be described in a following paper. 
M In all the above respects the action of the cam seems to leave 
nothing to be desired. 

The chief value of the cam will appear in its use on compound 
and triple-expansion engines. The eccentric is utterly un- 
adapted to the requirements of high grados of expansion. It 

is really surprising to observe to what an extent the combina- 
tion of the usual large waste room, with the early release com- 
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. by Professor Denton, and represented in the preceding pay 


ture sold oF 
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ea pelled by the eccentric, reduces the degree of expansion that is 
obtainable in two or three cylinders. 
This is exhibited in the above diagrams. In these, steam of ae 
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160 pounds total pressure is shown cut off at .2, and ae.35 of 
the stroke, expanded, the former in two, and the latter in three 
cylinders. The diagrams are drawn without any fall of pressure 
between the cylinders. The exhaust is without lap or lead. 

The full line diagrams (4) represent ideal expansion, continued 
to the end of the stroke, without waste room. In the first of 
these, the terminal pressure is 6.4 pounds, the number of ex- 
pansions is 25, and the proportions of the cylinders are 1 and 5 
In the second, the terminal pressure is 6.847 pounds, the num-. 
ber of expansions is 23.37, and the proportions of the cylinders 
are 1, 2.86, and 8.16. 

The outer dotted diagrams (B) represent expansion with seven 
per cent. of waste room, which is probably less than the average 
amount in high-speed engines, and the release as made by the 
eccentric, namely, at .715 of the stroke for .2 cut-off, and at .8 — 
of the stroke for .35 cut-off. 

In the first of these diagrams, the terminal pressure is 18.75 
pounds, the number of expansions is 8.53, and the proportions 
of the cylinders are 1 and 2.94. In the second diagram, the 
terminal pressure is 18 pounds, the number of expansions is 
8.88, and the proportions the cylinders are 1, 2.08, and 4.325. 
The expansions obtained are, in the first case, 34 per cent., and 
in the second, 38 per cent. of the theoretical, and this is the 
very best that can be done. a 

It will be asked, How, then, is so low a terminal pressure > 
reached in practice? The terminal pressure is arbitrarily fixed _ 
by the sizo of the low-pressure cylinder. There are two ways 
besides expansion for getting down to a low terminal, namely, 
by fall of pressure before cut-off, known as wire-drawing, and 
by fall of pressure batween the cylinders. Measurement of the 
diagrams will show, in all cases, no useful effect obtained 
beyond that got from 8.53 and 8.88 expansions, in these two 
cases, but, on the contrary, less than this, by the amount of 
steam condensed on entering the second and third cylinders. 

Except as partially relieved by independent cut-off valves, or 
by an independent exhaust, as in the Porter-Allen engine, the 
high-speed engine has, in its application to compounding, had 
to strugzle under the crushing load of this loss up to the present 
time; and in the Porter-Allen engine, I found the waste room 
alone, which amounted to about seven per cent., to be fatal to 
any high degree of economy in compounding. Obviously, ex- 
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pansion nearly to the end of the stroke must be joined to small 
waste room for the attainment of the best results. 
The inner dotted diagrams (C’) represent the approximation to 
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the theoretical that is obtained by carrying the expansion to 
eleven-twelfths of the stroke, with two per cent of waste room, 
as given by the cam. 

In the first of these diagrams, the terminal pressure is 8.75 
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pounds, the number of expansions is 18.28, and the proportions 
of the amma are 1 and 4.3. In the second diagram, the 
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ermine’ pressure is’ 10 pounds, the number of expansions 


16, the’ proportions of the cylinders are 1, 2.54, and 6.4. 
By giving to the exhaust the lap that is shown in the dia- 


grams taken by Professor Denton, the number 
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increased, in the compound diagrams, to 20.6, and in the triple- 
expansion diagrams to 18, which are, respectively, 82.4 per 
cent. and 77 per cent. of the theoretical. This is the real 
capacity of this system. The gain is, in the later cut-off,77. 


sn, 
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sift to 

__- per cent. of the theoretical expansion, in place of 38 per cent., 

and in the earlier cut-off 82.4 per cent., in place of 34 per cent. ae 
The theoretical compression curves (D) are shown on these = 

diagrams. These cannot be approximated in practice, because the — 

condensing point in the temperature of the steam rises with 


the compression. These curves have no effect on the expansion. 
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Having thus described its uses, I will now proceed to a descrip- 
tion of the cam. Its form and arrangement are shown in the 
accompanying views. (Figs. 34 to 36.) Its outline may be 
varied, so as to cut off at any fixed point, up to three-fourths 
of the stroke. Two diagrams are exhibited, one showing a cam 
onting off at two-tenths of the stroke (Fig. 37), and the other a 


4 


“4 


cam cutting off at sme of the stroke (Fig. 38), both having 
a throw of five inches. On these diagrams, the outer cam is 
the real or ideal cam, passing through the axis of the roller, as 
shown. The description refers to this cam only. The inner 
cam is the working cam, impinging against the surface of the 
roller. The manner in which it is produced will be explained 
at the conclusion of this paper. 

The cam revolves in the direction indicated by the arrow. 
The outer circle is the path of the highest point, the inner 
circle the path of the lowest point, the intermediate circle the 
path of the points of release and compression, and the short 
arcs are the paths of the points of admission and cut-off The 
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events numbered one to eight; namely, admission, full opening, 
_ eut-off, and release and compression, on the forward and back- 
_ ward strokes, succeed one another, as these points come to co- 

- incide with the axis of the roller. 
The line on the cam in front of the arrow (Fig. 34) is the cen- 
tre line. The cam is set by bringing this line to coincide with 
the crank. The line at right angles with the centre line is used, 
in eonnection with the latter, to centre the cam in the lathe 
for boring. The figures indicate the point of cut-off and the 
_ throw. All these are cast, in relief, on both sides of the cam. 


1 .4 Cut-Off. 


te 4 RT 


-8 Full Opening, 1.14” 


Compression ent 


The cam is set on the shaft either way, as the engine is to be 
run forward or backward. 

The cam is held in position by a lew key fitting the shaft. 
These keys are made by boring a steel block of suitable form, 
and parting it into six keys. Their hold is absolutely firm. In 
the construction shown, the hollow key is, for convenience, 
placed in the gear. By this means the lead of the cam is made 
capable of adjustment. 

The roller is carried at the end of a rocker-arm, and is lubri- 
cated by grease, fed from the cup set in the end of the rocker- 
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shaft, and rising through a small steel tube cast in the straight 
arm, as shown. It is held to the face of the cam by an elastic 
pressure, steam or, preferably, compressed air, which in vertical 
engines is assisted by gravity. The fluid elastic pressure has 
these points of advantage over a spring: it is practically with- 
out mass or weight; it will not break; if connected with a 
chamber of sufficient capacity, it is uniform, or nearly so, 
through the stroke; and it can be adjusted to requirements. 
This pressure is applied by means of a light piston, through 
a thrust-rod bearing on the end of the valve stem, the piston 
being located in the line of the valve connection, which is a 
direct line, as shown. 

The profile or working face of the cam is the important thing. 
This is developed in the following manner: The circle is divided 
into one hundred and eighty parts, of two degrees each. The 
time occupied by the cam in rotating through one of these parts 
or intervals is taken as the unit interval of time, and is desig- 
nated as A. The duration of this interval varies with the rota- 
tive speed of the engine. At eighty revolutions per minute, it 
is one two-hundred and fortieth of a second. At three hundred 
revolutions per minute, it is one nine-hundredth of a second. 

The following table shows the radial velocities and move- 
ments during each one of these intervals imparted by a cam of 
five inches throw, and cutting off at two-tenths of the stroke. The 
table commences at the highest point of the cam, the point of 
full opening for admission at the back end of the cylinder, and 
the intervals are numbered from this point, as shown on the 
diagram. 

The first column, marked B, gives the radial velocities, per 
unit interval of time, 4, which are imparted, +, or are arrested, 
—, during each interval, A. 

The second column, marked C, gives the radial velocities, per 
unit interval of time, 4, which are reached at the termination of 
each interval, A. 

The third column, marked D, gives the radial motion which 
takes place during each interval, A. 

The fourth column, marked £, gives the sum of the radial 
motions, or the total displacement, from the commencement of 
the throw to the termination of each interval, A. 
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TABLE GIVING THE ELEMENTS OF A PORTER CAM OF 5 INCHES 
THROW, AND CUTTING OFF AT .2 OF THE STROKE, 


FoRWARD THROW, in which acceleration is produced by the elastic pressure, and 
retardation is produced by the Cam. 


tion + or 
retardation —. 


B. C. Dd. 
Radial accelera- | Radial velocity Radial motion 
attained. 


during interval. 


Total radial 
displacement. 


a 


ae 
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interval. 
Inches. Inches. Inches. Inches. 
.010 .065 -0600 19%. » 
.007 -089 -0855 
-008 .066 .0700 
.004 .021 .0280 
.008 .007 -0085 
.001 .000 .0005 
.000 .000 - 0000 
.002 .008 .0070 
.004 .082 .0860 


128 


TABLE, Continued.—FoRWARD THROW. 
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A. 


Time. 
Number of 


B. 
Radial accelera- 
tion + or 
retardation —. 


Cc. 
Radial velocity 
attained. 


D. 
Radial motion 
during interval. 


Z. 
Total radial 
displacement. 


Inches. 


3447. 


4 


4 


a 


} 


i 


q 
Inches. Inches. Inches. 
.041 1.8695 a 
.005 .046 -0435 1.9130 
.004 .064 .0620 2.1350 
.004 .068 .0660 2.2010 
.004 .076 .0740 2.3450 
.008 .079 2.4225 4 
-008 .088 -0865 2.6730 a 
.002 .098 .0970 3.0470 3 
.002 -100 .0990 8.1460 
.002 .102 -1010 3.2470 
001 :107 "1065 3. 6665 
| — .002 -105 - 1060 8.9865 
.003 -102 -1085 4.0900 
.004 -098 -1000 4.1900 
.005 .084 .0865 4.4640 
.006 .078 -0810 4.5450 4 
.006 .072 .0750 4.6200 
.006 .066 .0690 4.6890 
.006 .060 .0630 4.7520 
OBL .007 .089 - 0425 4.9005 
OB... ds .007 .0382 .0355 4.9360 
OB. -008 -008 .0120 4.9960 
| 000 0040 5.0000 
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BACKWARD THROW, in which acceleration is produced by the Cam, and re- 
tardation is produced by the elastic pressure. 


Atel C. D. E. 
Radial accelera- | Radial velocity | Radial motion Total radial 

tion +. OF attained. during interval. displacement. 
retardation —. 


Inches. Inches. Inches. 
+ .008 .008 .0040 

.008 j .0120 

-0200 
.0280 
.0855 
.0425 
.0195 
.0565 
.0630 
-0690 
.0750 
-0810 
0865 
.0910 
.0940 
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6800 
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021 0240 1.5745 = 
003 0045 
-000 “000 0000 i: 
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.008 -O12 ; 
016 -0140 1 
144 .0u8 .042 -0890 1.8020 4 
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TABLE, Continued.—-BACKWARD THROW. 


Radial accel D 
tion + or | Radial velocity | Radial motion Total radial 
retardation —. attained. during interval. displacement. 


Inches, Inches, 
.0455 


011 


Note.—Motion in the direction from the cylinder to the crank is termed 
forward motion, and motion in the direction from the crank to the cylinder is 
termed backward motion. 


The force required to impart, or to arrest, radial motion in 
this manner is found by comparing the velocity imparted or 
arrested with the velocity imparted by gravity to falling bodies. 
This is the velocity that will be imparted to a body in any 
direction by a force equal to its weight. The force varies 
directly as the velocity imparted in a given time. : 


In one second of time, gravity imparts to a falling body a 


| 
A. 4 
interval. 
| — 
.007 .056 1.9000 
.008 .089 .0850 2.1895 
.006 .102 .0990 2.8810 
-005 .112 .1095 2.5950 
.004 .116 .1140 2.7090 
-004 .120 .1180 2.8270 
.008 .126 -1245 8.0730 
.002 .128 .1270 8.2000 
.002 .126 .1270 8.71380 
.004 .119 .1210 8.9585 4 
.007 .079 .0825 4.6625 
.008 .068 .0670 4.8045 


per second varies directly as the time. Thus: 
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- yelocity of 32,166 feet, or 386 inches, per second. The velocity 


In 1 second, the velocity per second imparted is ........... 886 ins. 


But if, instead of one second, we take any number of seconds, 


or any fraction of a second, as the unit interval of time, then the 


~ 


~ second, of .001327 inch + ; for 


velocity per such interval imparted by gravity varies from the 


velocity per second imparted in one second as the square of 
such interval. Thus: 


“ce “é 
ol 


This is obvious. 
Now in any case, the velocity magento. to a body i in any in- 


In cogecing this velocity, therefore, with the velocity im- 


| parted by gravity, we must compare it with the velocity, per 
- such interval, that gravity would impart during the interval, 


which, as above shown, varies as the square of the interval. 

The application of this law in the present case is as follows: 
The cam of five inches throw may make, say, 180 revolutions per 
minute, or three revolutions per second. The duration of each 
unit interval of time, A, is, then, 5}, of a second. In this inter- 
val, gravity will impart to a falling body a velocity, per xiv of a 
+ 540° = .001327+. ni 20 te 


At the above rate of rotation, the greatest velocity per unit 


interval of time, A, that is imparted or arrested by this cam 
- during such interval, is .011 of an inch. The force required to 


impart or arrest this velocity is, therefore, 8.81 times the w- *ght 
of the valves and connections ; for higat tenn 
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The power required in different cases will vary from the above 
amount, directly as the throw of the cam, and as the square of the 
revolutions per minute. Thus the force necessary to overcome 
the inertia of the parts actuated by the cam is always accurately 
known, for every point of its revolution. 

It will be observed, that in every case the transition from ac- 
celeration to retardation, and vice versd, as well as that from one 
degree of acceleration or of retardation to another, is made in a 
very gradual manner. This insures to the cam an action as 
smooth as that of an eccentric. 

It will also be observed, that in the construction of this cam 
application is made of the law of crank action, that on each re- 
versal of reciprocating motion retardation in one direction passes, 
at its maximum, into acceleration in the opposite direction, at cts 
maximum, the two being equal to each other. 

Thus, at the commencement of the table, acceleration begins 
abruptly, at .011 inch per unit interval of time A, in each in- 
terval A. At the end of the table, it will be seen that retarda- 
tion terminates at the same rate. So also at the opposite dead 
point, retardation and acceleration are equal, being each .008 
inch. The difference between the two approximates to the 
difference in piston velocity near the opposite centres which, 
with a connecting-rod six cranks in length, is forty per cent. 

I may call attention to an interesting action of the steam, 
assisting the cam. The piston valves are in an equilibrium of 
pressure when the ports are closed; but when one port is open 
for admission, there is a fall of the pressure against that valve, 
by the amount necessary to produce the current of steam. The 
full pressure being against the opposite valve produces a reac- 
tion tending to resist the opening movement. The valves are 
now being brought to rest; when the port is fully open the 
motion of the valves has been arrested entirely. The excess 
of pressure on the area of the opposite valve assists in bring- 
ing the valves to rest, and then also in putting them in motion 
in the reverse direction, so long as the port remains open. This 
reaction of the steam is strongest at the back end of the cylin- 
der, the velocity of the piston and, therefore, that of the current 
of steam, being much more rapid at that end. This is also the 
point where the most rapid retardaticn and subsequent accel- 
eration of the valve motion take place. The extreme force re- 
quired to be exerted by the cam is, therefore, somewhat less 
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x3 than appears from the table; who much less has yet to be 
ee ascertained by experiment. 

__ The manner in which these cams are produced is as follows 
A master cam is cut in a dividing machine to the figures in the 
table. Working cams are cast in a chill very nearly to the cor- 
- rect form. They are then ground with a wheel, the diameter of 
which is about the same as that of the roller. The carriage 
supporting the spindle of the grinding wheel has a cross trav- 
- erse in the lathe, and is made to follow the contour of the 
master cam, which is keyed on the mandrel on which the cam 
is ground, and so revolves with it between the lathe centres. 
In this way the cams are finished expeditiously and accurately. 
_ The roller and pin being also hardened, great durability is 
assured. In case of wear, these parts can be renewed readily 
and at trifling cost. Wear does not occasion lost motion, the 
thrust being always in one direction; but if considerable, it 

will change ‘the functioning of the valves somewhat. 


pe 
~ 
. 
7 
<= 
d 


184 AN IMPROVED CENTRIFUGAL GOVERNOR AND VALVE. __ 


ita phan wt w i 


# DESCRIPTION OF AN IMPROVED CENTRIFUGAL 


GOVERNOR AND VALVE. 


THis governor needs but little description. The illustrations 
make its construction sufficiently clear (Figs. 39 and 40). This 
is such, that the radial lines on which the opposing central 
forces act are coincident. Its action is frictionless. This per- 
mits a closer approach to isochronous adjustment than is prac- 
ticable in a governor, the action of which involves the over- 
coming of any resistance from friction. 

The improvement in the valve consists in balancing the stem. 
So far as I am aware, this has not heretofore been done. It is 
obvious that close regulation cannot be had. with a pressure on 
the area of the stem varying from 150 pounds on the square inch 
to 0, according as the valve is wide open or closed. 


* Presented at the New York meeting (December, 1894) of the American 

Society of Mechanical Engineers, and forming part of Vol. XVI. of the 
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DESCRIPTION OF IMPROVED FORMS OF STEAM- 

SEPARATOR, STEAM-JACKET, AND RE-HEATER. 
“tog 


aé4- BY CHARLES T. PORTER, MONTCLAIR, N. J. 
(Honorary Member of the Society.) 

AtTHoueH these are entirely independent, yet they are 
essential to one another, and contribute to one result. They 
may therefore be properly described together. . 

One purpose served by the cam is, as has been shown, to 
combine the advantage from expansion continued practically to 
the end of the stroke, with that from very small waste room, at 
any desired point of cut-off. We have seen that we cannot have 
a reasonable approximation in practice to theoretical expansion 
without this combination. 

But we cannot employ very small waste room with any ordi- 
nary construction, on account of water in the cylinder, espe- 
cially that which is condensed in warming up. Using equilibrium 
valves, the engine would inevitably be broken down on the first 
revolution. Relief valves in the heads are an objectionable, 
and with very small waste room an inadequate, means of escape 
from this dilemma. 

It is required to make an engine that shall be absolutely safe 
from break-down or injury in starting, either through water in 
the cylinder, or through seizure of the valves by expanding 
more rapidly than their seats; and this, no matter how small 
the waste room, or how cldsely the valves are fitted, or how 
suddenly or at what speed the engine may be started. This is 
the problem, the solution of which I have now to present. 

The means employed for this purpose are the separator 
and the all-embracing jacket open to the boiler. 

The following description of these features, and of the steam 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Vol. XVI. of the 7rans- 
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distribution in these engines, is illustrated in the accompanying 
views. These represent a vertical, tandem-compound engine, 
of 609 horse-power, with condensation cylinders 18” and 36” 
diameter, working steam of 150 pounds boiler pressure. One 
cam of 5” throw operates the valves of both cylinders. The 
steam is cut off at .2 of the stroke in each cylinder, and about | 
twenty expansions are realized. 

Fig. 41 shows front and side. elevations, with piping and 
reheater, of an engine of 24” stroke, making 180 revolutions 
per minute. 

Fig. 42 shows an exterior view, two vertical sections, one on 
the centre line, and one through the ports and valve-seats, and 
a cross-section through the upper port, of the high-pressure 
cylinder. 

' Figs. 43 and 44 show corresponding views of the low-pressure 
cylinder. These detail figures show a stroke of 36”, being that 
of an engine making 125 revolutions per minute. 

Fig. 45 shows a longitudinal section through ports and valve- 
seats, with valves in the position giving full opening into the 
upper port for admission of the steam, and wide open exhaust 
out of the lower port. One of the four valves is shown in 
section. 

Fig. 46 represents the upper end of a smaller high-pressure 
cylinder. 

Fig. 47 represents the reheater, externally and in section, 
without lagging, and with plan views of the tube-plates. 

Fig. 48 shows, on an enlarged scale, the interlocking attach- 
ment to the starting-valve, seen in Fig. 41. 

The steam-pipe is run in such a manner that the direct course 
of the steam is into the jacket. To reach the pipe leading to 
the cylinder, it has to turn the square angle of a tee. (Fig. 41.) 
Water will not do this, but will maintain its direct line of mo- 
tion, the pipe being continued of full size for a short distance 
beyond the tee. This simple separator has these two advan- 
tages over all forms of separator in use: the deflection of the 
steam in the tee is sharper, and the water has a place to go. 
Its efficiency is made quite complete by running the pipe in the 
manner shown. The water coming over with the steam is, by 
its momentum in the horizontal pipe, carried to that side of the 
vertical pipe which is opposite to the outlet of the tee, so even 
the minutest particles escape deflection, and the steam passes 
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on to the throttle quite dry, in a condition to be superheated 
by the reduction of pressure in passing through this regulating 
valve. 


The steam-jacket is made to embrace not only the cylinder 
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the cylinder. (Figs. 42, 43, and 44.) As soon as steam is ad- 
mitted from the boiler to the pipe, it is also in the jacket. The 
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water formed in heating up the branch pipe, the throttle-valve 
and the starting-valve, is drained away by a small pipe, as 
shown in Fig. 41. A self-acting pump returns to the boiler the 
water formed in the jackets and pipes. Then, when the engine 
is to be started, the cylinder and valve-seats are already com- 
pletely heated up, and the opening of the starting-valve admits 
only dry steam to the cylinder. 

Lest, either through accident or design, the starting-valve 
should be open at the time when steam is turned on to the 
pipes, or should, after this has been done, be opened prema- 
turely, an interlocking attachment is provided, which is dis- 
engaged automatically, either by the lineal expansion of the 
cylinders, or by the pressure of steam in one of the jackets, 
and which makes it impossible to open this valve until the 
cylinders have become fully warmed up. (Figs. 41 and 48.) 

It will be observed that in this engine the ordinary function 
of the steam-jacket, of reducing the amount of condensation of 
the steam as it enters the cylinder, is made subordinate to 
another use, namely, that of making a piston-valve engine with 
very small waste room, and running at high speed, entirely 
secure from accident, especially in starting, either through 
water or unequal expansion. Still, the ordinary use of the 
jacket becomes in this engine especially advantageous, because, 
the full boiler temperature being maintained in the jacket of the 
high-pressure cylinder, and the steam admitted to this cylinder 
having by throttling been reduced in pressure, and also super- 
heated, the jacket must be very efficient in preventing cylinder 
condensation. All the conditions are most favorable to this 
efficiency. The case is, as far as possible, removed from the 
ordinary one, in which the heat imparted by the jacket is insuffi- 
cient often to evaporate the water entrained with the enter- 
ing steam, and in order to prevent cylinder condensation the 
temperature of the internal surfaces must be brought up from 
that of the exhaust very nearly to that of the steam in the 
boiler. It is no wonder that, under such conditions, the steam- 
jacket should be a failure, that a great amount of steam should 
be condensed in it, and be condensed to little purpose. This is 
precisely what we ought to look for. But, obviously, such 
failure can raise no presumption against the efficiency of the 
system here described. 

_ The jackets impart heat, also, internally, to the exhaust. 


coe 
wa 
¥ 
= 
4 
f 
“A 
& 
| 
= 
j 


2 ee IMPROVED FORMS OF STEAM-SEPARATOR, ETC. 147 
- They thus assist the reheaters; and their combined effect must 
be, that the steam will enter the second and third cylinders, 
eins especially the latter, not only dry, but more or less superheated. 
Finally, the steam in the latter cylinder will be dry at the end 
of the stroke. This is a point of great importance, as then the 
exhaust will carry away into the condenser only an inappreciable 
amount of heat abstracted from the internal surfaces. It was 
pointed out by Mr. Isherwood, more than thirty years ago, that 
dry steam can absorb but little heat in this way ; that it is water 
that does the mischief by its evaporation, absorbing from these 
surfaces the heat of vaporization, until the temperature of the 
exhaust has penetrated the metal deeply. It may, then, be con- 
fidently expected that in this engine the indicator will account 
for very nearly all the water supplied to the boilers, except 
that which is returned from the jackets, the amount of which 
will be known; and that this latter amount, over and above 
that formed in warming up and in providing heat to be con- 
verted into work, will be extremely small. Pains have been 
taken to avoid neutralizing the effect of the jacket, through 
exposing the exterior surfaces of the cylinder, or the live steam _ 
passages, to the refrigerating influence of the exhaust blast, 
which in the case of the high-pressure cylinder is most preju- — 
dicial to economy. 

I have long been impressed with the conviction that the 
efficiency of the steam-jacket must be seriously impaired by 
the accumulation of air, which is abandoned by the steam as 
it is condensed, and which there is commonly no way to get rid 
of. In this engine, pains are taken to remove the abandoned 
air from the jackets and heads. For this purpose, a continuous 
current is maintained through these into the reheater, and the 
air is permitted to escape at the end of the course. Fig. 46 is 
introduced especially to illustrate the construction by which 
this current is established in a vertical engine. This figure 
shows only the upper end of a high-pressure cylinder. One of 
small size is selected, in order to exhibit the passages from 
head to jacket on a larger scale. These passages are similar in ~ 
all the heads. By an error, they were omitted from the larger 
cylinder sections. In this figure, the upper view is a vertical 
section through the upper end of the cylinder, valve-seats, port, 
jacket and head. The lower view is a cross-section through _ 
the lower port, showing an inside plan of the cylinder end, * 
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jacket and head, with the piston removed. The current from 
the boiler enters the head through the central pipe. This pipe 
is made of good size, and its area is maintained in the passages, 
in order that the current shall not occasion an appreciable 
fall of pressure. In the upper head of each cylinder the pas- 
sages extend downward, as shown, to draw off the water. The 
current sweeps through every part of the heads and jackets, 
taking the air with it. From the lower head of the low-pres- 
sure cylinder it is taken by two short vertical pipes into a 
horizontal pipe, which leads to the reheater, in the manner 
shown in Fig. 47. The horizontal pipe terminates in a tee, from 
which the water is conveyed away, to be returned to the boiler, 
and the steam and air rise into the reheater tubes. In these 
the steam is condensed, and at the top air only remains, to be 
blown off through the quarter-inch pipe shown. The air should 
be blown into the feed water. 

Reheaters frequently give trouble from the tubes coming to 
leak, the conditions being very trying.’ The construction 
shown in Fig. 47 is intended to obviate this defect. The lower 
tube plate is of cast iron, to have the same rate of expansion 
with the shell, and is ribbed to prevent deflection under the 
steam pressure. The upper tube-plate, of brass, and ribbed for 
the same purpose, is not connected with the shell. It is bolted 
to a concave cover, terminating in a stem, which passes through 
a stuffing-box into the open air, permitting free expansion and 
contraction of the tubes. 

The capacity of the reheater shown, with that of the connect- 
ing steam passages, is eight times that of the low-pressure 
cylinder up to the point of cut-off, which, in the engine repre- 
' sented, is at .2 of the stroke. It contains sixty-six square feet 
of reheating surface. 

The method by which, in this engine, very small waste 
room is made sufficient for the requirements of high-speed 
may properly be described in this connection. The simple 
piston valve employed at each end of the cylinder is divided into 
two valves in cylinders of small diameter, and in larger cylinders 
into four valves, two on either side of the cylinder, as shown in 
Fig. 44. These are all connected by their rods, and move 
together as one valve. The steam is admitted between the 
valves, so that the rods are in tension. The valves are attached 
to the rods in such a manner that they are entirely free in their 
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seats. (See Fig. 45.) The advantage of this division will be 

seen at once. For example, the 36-inch cylinder shown is 
provided, at each end, with four valves, each 5.5 inches in 
diameter. Their combined circumferential opening, for admis- _ 
sion and release (and the entire circumference is available for . i 
these purposes), is equal to that of a single valve twenty-two | 
inches in diameter. This would require a port twenty-eight 
inches deep, and having nearly four times the area of these two 
ports, after deducting the valve areas in both cases. The depth 

of port required by them is a familiar objection to the employ- | 
ment of piston valves of large size. Also, the exhaust area 
opened by the 22-inch valve would be four times too great, that 
opened by the four 5.5-inch valves being sufficient. The 
admission and exhaust pipes are each divided into two, which 

is a great convenience, and the cylinder, ports, and jacket are ~ 
brought into moderate compass and symmetrical form. It is 
evident that the least departure from simple valves, making _ 

a single opening for admission and a single opening for release __ 
of the steam, would render this division of the valves, and con- — 
sequent great reduction of waste room, impracticable. This — 
object can, therefore, be attained, without sacrifice of efficient _ 
steam distribution, only by the use of the cam. . 

Pains are taken to make this engine distinguished for the 
ready accessibility of the pistons and valves, as will be seen in > 
the views here shown. Provision is also made for reboring the __ 
valve-seats to their original axis, should it ever be found 
necessary. 

In the progress of steam-engine development two great im- 
provements—high pressure and expansion through two or more © 
cylinders—have come to us, and have found in existence no 5p Oe 
mechanical means adapted for turning their advantages tothe 
best account, except the piston-valve. The eccentric and the 
variable cut-off were already in universal use, and so have oe a3 
necessarily been employed in connection with high pressure and 
multiple expansion, until there should be time to provide some- ; 
thing better suited to their requirements. The singular unsuit- —__ 
ableness of both these has been sufficiently shown. In the case oo se 
of the eccentric, this is confessed by the various additional = =~ 
devices, more or less complicated, and multiple openings, which © s a 
are resorted to, in the attempt to make it answer. No one will 
pretend that a single eccentric, pure and simple, will do at 2 
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but a single cam, pure and simple, meets all the demands. 
These contrivances for making the eccentric answer the require- 
ments of high speed, high pressures and multiple expansion, 
generally involve the fatal defect of excessive waste room; and 
so engine builders have discovered that this amount of waste 
room is a good thing, being necessary, in order to avoid, in some 
degree, break-downs from water in the cylinder. In some cases, 
as I know, the waste room is for this latter purpose made larger 
than would otherwise be required. This is the present state of 
steam-engineering. 

Expansion continued to the end of the stroke, with ample 
areas for admission and release, and small waste room, in con- 
nection with superior jacket and reheater efficiency, as these 
features are combined in this engine, present the conditions 
most favorable to economy. This statement will, doubtless, be 
generally accepted as correct. The advantages thus possessed 
will generally, as shown in the illustrations to this paper, enable 
the number of expansions to be got in two cylinders, for which 
three cylinders are now employed, and with even less loss from 
cylinder condensation ; and will enable the extreme number of 
expansions that it is ever desirable to employ to be got advan- 
tageously in three cylinders, dispensing with the fourth cylinder 
altogether. They enable a higher standard of economy to be 
set throughout the entire range of engine construction, from 
non-condensing engines in which only from six to eight expan- 
sions are employed, up to engines in which expansion is con- 
tinued to one-fortieth of the initial pressure, or from 200 pounds 
initial to five pounds terminal pressure. In view of what has 
already been done, under conditions comparatively unfavorable, 
can there be any doubt that, under the conditions here pre- 
sented, a consumption not exceeding ten pounds is by these 
means attainable in regular work? I think not. 

This system, as a whole, is now submitted to the judgment of 
engineers upon the claim that it enables the utmost economy to 
-be reached of which the steam engine is capable, and that by 
the most simple means. : 

While the only practical service on which this system has yet 
been employed has been on a very small scale, on a pair of simple 
vertical engines of eight inches diameter of cylinder by six inches 
stroke, running at 300 revolutions per minute, it has so happened 
that every point has received a more searching test, and been 
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proved in a more conclusive manner, than it could be on any num- 
ber of large engines making a fewer number of revolutions per 
minute. This was especially true of the point of safety in start- 
ing. Indeed, a test more trying could not be imagined. The 
engines were applied to drive a pump of novel construction, and 
had no fly-wheel. The pump chambers were connected by a 
by-pass pipe, to drain them when not in use. They were first 
started with the valve in this pipe open. They were intended to 
be regulated by a little Waters governor. The number of revo- 
lutions marked on this governor was entirely wrong, so that as 
speeded it did not regulate at all. The waste room was 3} per 
cent., the stroke being very short; and to get it down to this I 
had made the clearances only ;4 inch. When steam was ad- 
mitted, the pistons leaped at once to a frightful velocity. It 
could not have been less than 600 revolutions per minute, pro- 
ducing excessive vertical vibration. There was no accident, nor 
sound, as of water, in the cylinders. It struck me that this 
unlooked-for test of the efficiency of the separator and jacket 
was of such a crucial nature that it ought to be repeated, and 
I improved every opportunity to do so. While experiment- 
ing with the pump, I must have repeated this test more than 
a score of times, without ever a thought of an accident. Of 
course, any other piston-valve engine would have been broken 
down by water, especially on the upper centre, at the first 
jump. 

Unfortunately, the pump proved a failure. A friction brake- 
wheel was put in its place for continuing experimental work 
with the engine. When afterwards this was examined by Pro- 
fessor Denton, between the inertia of the wheel and the friction 
of the brake-blocks lying on its surface, the furious start had 
been rendered impossible. I started as sharply as I could ~ 
do, but had to regret that on this point I could not show © 
the Professor the wonderful demonstration that I had myself 
enjoyed. 

I had made preparations to test these engines for steam con- 
sumption, but the failure of the pump rendered this impracti- __ 
cable. Two things, however, indicated extreme economy. The 
steam blown occasionally, while running, from the indicator- 
cocks seemed quite dry, only becoming visible after entering the 
atmosphere, and the expansion line always coincided with the 


hyperbolic curve quite to the end. 
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DISCUSSION. 

Prof. C. B. Richards.—1 have read Mr. Porter’s papers with 
the greatest interest. 

No one can examine them carefully without becoming im- 
pressed with the evidence they afford of the vast amount of study 
and labor which Mr. Porter has given to the design of the 
new engine he presents to the attention of the Society. The 
thoroughness with which every detail has been worked out is 
quite characteristic of his methods, and the departures from 
customary practice are radical, as is usual with Mr. Porter’s pro- 
ductions. 

Most of the novel features he describes commend themselves 
to my mind at the outset, others will have to be studied to be 
appreciated fully. 

The “ fluid pressure spring,” for constraining the movements of 
the cam-roll relatively to the cam, seems to afford an excellent 
solution of the problem of using a cam for working balanced 
valves at a considerable speed, and the profile of the cam has been 
so carefully studied by Mr. Porter that there is little, if any, room 
for improvement. Placing the cam on a countershaft, instead of 
on the main crank shaft, permits such a reduction in its size that 
a comparatively small cam-roll can be used without an excessive 
speed of revolution of the roll. 

There can be no reasonable doubt that Mr. Porter’s method of 

supplying the cylinder jackets with steam will, as he has found in 
his trial engine, be a sure preventive of accidents from the pres- 
ence of water in the cylinders—Monday morning accidents, as they 
may be called. An interesting confirmation of the correctness 
of the principle can be had from the records of the working of 
over one thousand Baxter engines which have come under my 
notice. 
The vertical cylinders of these engines hang inside the boiler 
itself, and are immersed, steam-chest and all, in the steam which 
fills the upper part of the boiler, and I have not known of a single 
instance of injury from water, nor of any symptoms of its pres- 
ence in the cylinders. 

In the shop where these engines are built, every engine used to 
be started perhaps ten (10) times, and run at intervals, under full 
steam pressure. The way they were usually started was to first 
.open the throttle widely, then turn the engine past its dead centre 
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and let it fly ; and I have no doubt the same practice is continued 
at Colt’s Armory to the present day. No one ever thought of 
exercising any caution in starting an engine. The cylinder and 
chest of the Baxter engine are hardly so completely bathed in the 
steam at boiler pressure as the cylinders shown by Mr. Porter 

will be. 

Whether the complete jacketing of all the cylinders will result 
in steam economy seems to me doubtful, but, as a safeguard 
against water-hammer in the cylinders, it must be a success. 

The form which Mr. Porter has adopted for the outside of the 
cylinder casting is admirable, providing, as it does, complete jack- 
eting for cylinder barrel and valve chests, with a minimum of 
radiating surface. 

Whether the improvement in steam economy, resulting from 
the reduction of clearance space, will be as great as Mr. “Porter 
seems to anticipate, remains to be ascertained by experiment. 

In some ways clearance is not an unmitigated evil, and we find 
results from trials of a triple-expansion engine having twelve per 
cent. clearance in the high-pressure cylinder, which rank among 
the best in point of economy. However this may be, the reduc- 
tion of the size of the piston-valves by multiplying them seems to 
me to be excellent practice. It must not be inferred from this 
last remark that I consider the existence of clearance space as 
conducive to steam economy, for my opinion is quite the reverse 
of this. Published results of experiments, however, seem to indi- 
cate that a high degree of economy can be secured in engines 
having considerable waste room. 

Prof. R. H. Thurston.—It is always a pleasure to find the name 
of one of our charter-members and pioneers on the list of papers, 
and a double pleasure to receive from him the results of his latest 
labors. It sometimes looks as if some of our oldest friends were 
forgetting the great task which is none the less theirs to-day 
that it has come to such almost unhoped-for fruition, and were 
now and then forgetting that they, more than others, should 
“hold up the hands” of their successors in active management. 
It gives me special pleasure, in the present case, to welcome so 
interesting a paper from one of our pioneer members, and to com- 
ply with the request to say a word in its discussion. 

The general plan of Mr. Porter, in this case, seems to me per- 
fectly correct, ideally ; and it has been certainly most thought- 
fully and thoroughly worked out. A cam-movement for steam 
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distribution has always seemed to me the perfection of mechanical 
action for such a purpose; but it has hitherto always proved 
costly to build, expensive to keep in repair, and its kinematic 
advantage of correct motion practically less than anticipated. 
In the present case the designer has, it would seem, met and con- 
quered some of these difficulties of practical operation, and time 
and prolonged trial must determine to what extent the net result 
is sufficiently satisfactory to make the new engine a successful 
competitor with the fittest which have, thus far, survived. The 
plan of fixed cut-off and throttling regulation:is so far perfected, 
in this case, that we may, I think, expect to see it meet every 
demand. Working close to the piston, with freedom from friction 
and, as it may certainly be made, as exact isochronism as may 
prove desirable, it seems to me an admirable arrangement of 
governor and valve. The balanced stem is, I have no doubt, a 
refinement which, minute as it seems, will contribute a sensible 
element of good working. The steam-separator and the jacket 
design will, I have no question, do their work, and well. In fact, 
the report of the action of the engine already built indicates suc- 
cess in operation in all these points. The method of reducing 
clearance seems to me a real advance. 

There is one question of principal, and two, as it occurs to me, 
of minor importance, which probably only time, and the trials of 
the market, can entirely solve. The first is that of the compara- 
tive value for various classes of application of the system of gov- 
erning by throttling, with cut-off fixed, and that of regulation by 
adjustment of the point of cut-off, steam-chest pressure being con- 
stant. Willans has shown conclusively that either, under suit- 
able conditions of operation, may do excellently ; but I think we 
must await the result of Mr. Porter’s experiments and experience, 
and that of those who use good engines of this type, before we 
can settle it. With very variable load I should expect the former, 
in some cases, at least, to exhibit a decided advantage, since the 
average adjustment is apt to fall far within that for which the 
engine is rated ; but where, as in many cases is the fact, the en- 
gine is required to frequently develop exceptionally large power, 
the latter, by following nearly full stroke, with steam-chest press- 
ure behind the piston, will, I imagine, be selected. The question 
whether this or the other type will find most general application, 
will depend, I suppose, largely on the relative frequency of the 
one or the other conditions. Thus, for electric lighting, the new 
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engine, proportioned for a regular maximum load, should do bet- 
ter, perhaps, than on street-car work, where the variation is so 
sudden and so enormous, and where an engine which can either — 
follow full stroke, or cut off at zero, would seem likely to be pref- ; 
erably selected. It will be interesting to ascertain, as we will, I 
hope, in time, just how far this restriction of the maximum load | 
will prove objectionable in practice. I should suppose the new __ 
engine would find its very best conditions of operation in cotton _ 
mills, for example, where fine regulation, with a fairly constant 
full load, may be required. 

The minor questions concern the quietness, durability, and gen- 
eral efficiency of the gearing, and the safe working of the cam- om 
roller-pin at the pressures and speeds proposed for it, during along _ 
life. These are points to be settled only by experience and pro- 
longed use. We shall all hope to see the engine well tested, and 
shall wish for it all the success that the patience, industry, inge- 
nuity, and genius of its designer give title to. I think it will find 
its place. 

Zachariah Allen, in 1834, attached the governor to dctermine ec a 
the point of cut-off on an old-fashioned slide-valve engine ; Corliss, — 


in 1849, applied it to the drop cut-off ; Sickles and Greene used - 
it about the same time on other forms of gear, including, in the | 
former case, the oldest detachable gear. The return to a fixed — 
expansion and throttling governors may not prove a retrograde 
movement ; although substantially all the fine work of the world, 
both in —— and in magnen, is performed by the wer 


for engines, and has a beantital 
Mr. Porter’s plan of holding contact by fluid pressure, and thus — 
avoiding lost motion at high speeds, seems sensible and practi- 
cable, and, even if it did not, his trials of it would seem to have . 
settled that question. It is a pretty device. The old “French _ 
cam,” used for many years by Mr. Wright, on some of his engines, — 
and described by Armengaud about 1850, is another illustration 
of a successfully working cam, and that with adjustable ratio of 
expansion. Mr. E. 8. Bowen made a frictionless governor, in 
Sibley College, some years ago, but with uncertain success. i 
On the whole, it appears to me that Mr. Porter has designed _ 
one of the most interesting and admirable examples of a com- 
pletely new engine, in which details are fitted each to every other 
in the most natural manner possible, that has yet appeared. : 
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Mr. George I. Rockwood.—A famous English writer some 
seventy-five years ago remarked that, although before the Flood 
aman could take one hundred and fifty years in which to write 
his first book and then live several centuries afterwards to see it a 
success, yet nowadays the post-diluvian style of writing naturally 
contracts itself into those inferior limits which are better accom- 
modated to the abridged duration of human life and literary labor. 
Said he: “ For a writer to handle a subject as if mankind could 
lounge over a pamphlet for ten years, as before their submersion, 
is to be guilty of the most grievous error into which a writer can 
possibly fall.” 

It is most refreshing, therefore, to note the brevity of Mr. 
Porter’s papers, and, indeed, to read over the many terse and 
pithy papers presented at this meeting. It is especially helpful to 
adequate discussion. 

I am glad to see that Mr. Porter sees no disadvantage in the use 
of a relatively large intermediate receiver ; apparently, the illus- 
trations of his engine show that the receiver must be a large one, 
in comparison with the size of the engine. 

I would like to remark upon the beauty of design of the 
frame. It may seem to some a comparatively non-essential part 
of the designer’s business to aim at beauty of outline, especially — 
in so unimportant a part of the engine as the frame; yet it is 
a very difficult thing to get all the mechanical features into an 
appropriate arrangement which is also beautiful and attractive to 
the appreciative eye; and it really is still more important than 
difficult, if the engine is to be a commercial as well as a mechani- 
cal success. It makes no difference to the average buyer how 
admirable the novelty introduced into the design of the engine 
may be, you cannot sell to him unless the engine commends itself 
on first sight. 

One other point occurs to me which I would like to speak upon. 
Mr. Porter alludes to the unadaptability of an automatic cut-off 
engine, whether simple or multiple cylinder, to a variable load, 
owing to increased loss from cylinder condensation at very early 
cut-offs. In this connection I would like to speak of the unadapt- 
ability of triple-expansion engines to variable loads, when the in- 
termediate and low cylinders have their points of cut-off varied 
automatically by the governor, to the same extent that it alters the 
cut-off in the high-pressure cylinder. This was pretty nearly the 
case with the triple-expansion engines running the electrical road 
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between St. Paul and Minneapolis, described in a paper by Messrs. 
Pike and Hugo. 
= They gave as the steam consumption of these engines the 
excessive figure of nineteen pounds per I.H.P. per hour ; and several 
members declared this to be frequent and customary, and anybody 
who asserted that thirteen or fourteen pounds could be regularly 
_ achieved, ignorant. Perhaps they had truth on their side; but 
_ I wish to point out one chief difficulty with those engines, and 
show how the Natick engine would have avoided it by reason of 
peculiarity of design.* 
When fully loaded, no drop of pressure was provided for, in 
these triple engines, at the terminal of the expansion in the first 
y two cylinders. The consequence was that when run under light 
__ Joads the receiver pressures were not lowered, but rather were 
increased, thus causing (1) large loops in the diagrams from the 
high and intermediate cylinders, or, in other words, negative 
_ work in those cylinders, to such an extent as to put upon the low- 
pressure cylinder the duty of driving the external load. Thus, 
the engine was converted into a simple condensing engine, and 
its economy could be no better than that of one of James Watt’s 
engines. But it caused (2) a great waste of friction by reason of 
having to keep in motion two useless pistons. 
Now I will present a diagram @ ig. 49) to illustrate my mean- 


dati 


RQ wv 
tee, 


Atm. 


Vac. 


Fig. 49. 


ie ing, and show how the Natick engine would have avoided the 
difficulty. 
Suppose cut-off in high-pressure cylinder to take place at 3, in 

the intermediate cylinder at 4, and in the low-pressure cylinder at 
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5, when the triple-expansion engine was fully loaded, all _" 
being so ordered as to eliminate ‘drop i in both first and second cyl- 
inders, and receivers supposed large enough to cause a nearly 
horizontal back-pressure line. These suppositions were facts in 
the case of the Minneapolis engine. 

Now supposing that the law of the curve 3, 4, 5, 12 is PV= 
constant, it is plain that the Natick engine would have lost the 
shaded area ¢ under like conditions of operation. Actually, the 
constant which is equal to P V is not the same for all the curves, 
3-4, 4-5, and 5-12 ; on account of cylinder condensation the area c 
is much larger, relatively, in my diagram than it would be in prac- 
tice. Whatever the loss of area is, the percentage of loss is found 
by referring it to the whole area due to cut-off at 3. 

Suppose the cut-off to take place, now, at 2, thus giving the 
curve 2, 7, 6, 10,11. Suppose, also, that the receiver pressures 
are not lowered as was the case with the Minneapolis engines. 
(The fact was, the cut-offs on the second and third cylinders 
shortened somewhat faster than did that on the high-pressure 
cylinder, and, as a consequence, the receiver pressures were a bit 
higher with cut-off at 2 than with it at 3.) The shaded areas, a 
and }, would be formed, and these represent negative work in the 
first and second cylinders. In practice the areas a and b are each 
of them larger than area c, and their harmful effect is to be ex- 
pressed by referring them to the whole area due to cut-off at 2. 
Indeed, an inspection of the published cards from the Minne- 
apolis engine shows that the effect of these loops was to almost 
nullify the effective work of the first two cylinders, thus con- 
verting the engine as a whole, as I said at the beginning, into 
an old-fashioned condensing engine using steam at four or five 
pounds pressure; whereas the Natick engine, operated at the 
same point of cut-off, 2, and governing on both cylinders as in 
the Minneapolis engine, would have neither drop nor loop. In 
other words, the Natick engine overcomes the difficulty without 
meeting it. 

Here is, I believe, a reason why engines designed after the style 
of the Natick engine have given so uniform an economy as they 
have done under variable loads: no negative work is done on 
receiver steam. If the intermediate cylinder were in use, there 

- would be a large negative quantity of work done, thus converting 
the first two cylinders into pumps to resist the effort of the low- 
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* Mr. Kent has speculated as to whether, after all, there is any 
loss of energy in the engine as a result of the loop action. 

I suppose he does not question that the area of the loop repre- 
sents negative work, and it is some inadvertence that causes him 
to query as to the propriety of subtracting the area of the loop 
from that of the remainder of the card in determining the power 
of the cylinder exerted on the crank-pin. 

Mr. Kent’s speculation is, it appears to me, more academic 
than practical, as we know that a high-pressure cylinder at work 
under these conditions would condense some of the incoming 
steam and deliver it as water into the receiver. The heat equiva- 
lent of the negative work done in this cylinder on the receiver 
steam would be quickly swallowed up in evaporating this water 
into steam at receiver pressure. This latent heat cannot reappear 
as work. 

If we suppose the steam to have the properties of a perfect 
gas, thereby having no water to evaporate in the receiver, then it 
seems likely that some portion of the negative work would be 
recovered in the second and third cylinders, because the volume 
of the gas at cut-off in second cylinder would be increased if 
negative work heated, by compression, the receiver gas. That 
there would still be a loss due to negative work, however, is evi- 
dent from the very supposition that the volume of gas at constant 
pressure in the second cylinder is greater than it would be with- 


-_ out the negative work. Plainly, the final temperature of the gas 
_ as it escapes to the condenser is higher than it would have been 
without negative work, or, in other words, more heat is taken 
ho from the boiler to do the same amount of useful work. 


Let us suppose that the points of cut-off in the intermediate and i “a 


low-pressure cylinders are so ordered as to cause the areas of the 


loops in first and second cylinder diagrams to equal the areas of Lx 


the useful portions of the diagrams. Then, even with saturated 
steam to start with, as well as in the case of a perfect gas, the 


thermo-dynamic loss would be large, as the result of doing all the | é 


work in the low-pressure cylinder, by reason of the greatly less- — 


ened range in temperature and pressure through which the steam a : 
is allowed to work; or, to put it another way, by reason of the 


throttling action on the steam of the first two cylinders. 


Mr. Oberlin Smith.—I want to say a word in favor of the cam 


* Added since the meeting. 
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itself as a mechanical device. It has always seemed to me a 
curious thing that more cams have not been used for engine 
valves. They have been used on Western steamboats, in a 
crude way, and on large pumping engines with slow speeds. 
etc.; but perhaps the catch ’em and snatch ’em and let ’em go 
valve gears are good mechanical devices where we have to have — 
variable cut-offs. I will not discuss here whether or not we can 
get along with engines of the type described in this paper, having 
a fixed cut-off, but will assume that they are all right. The 
question I am answering is whether a cam and roller is a good 
mechanical device for obtaining any desired motion. To me it 
has always seemed the preferable way; where you cannot do it 
with levers and cranks, and where you can do it with a cam and 
get just what you want. In high-speed cngines we cannot admit 
any of the snap ’em and catch ’em arrangements used on slower 
engines of the Corliss type, and if a cam seems as if it won’t do 
what we want, the only thing remaining is to make it do it. I 
have had a good deal of experience with cam motions of various 
kinds, both with cams and rollers made of steel castings not hard- 
ened, and with ordinary forged-steel hardened, both of which 
have given excellent results if properly proportioned. I have not 
had as much experience with chilled iron cams, like these of Mr. 
Porter’s, but I see no reason why they should not be both excel- 
lent and durable. The chief point, in the first place, with any 
cam motion, is to get abundant bearing surface upon both roller 
and cam, so that they will not wear out too soon, including the 
pin of the roller. I believe we are not told here whether the pin 
revolves with the roller; but it is usually best to let it so revolve, 
so as to avoid making the roller hole wear loose and bring its 
pressure on a line of contact only. The cam should be made of 
proper material, and sufficiently broad-faced not to crush or to 
wear too fast. It should, furthermore, be so proportioned as not 
to give too rapid a motion suddenly to the reciprocating parts, 
the “time” of the arrangement being so devised that the acceler- 
ating and retarding motions of the heavy parts will be approxi- 
mately the same as given by a crank motion, or, better still, as 
given by gravity. I understand that particular attention has 
been paid to these points by the accomplished designer. If these 
things are looked after as they should be, there is no reason in 
the world why any desired motions of this kind cannot be ob- 
tained by cams exactly as we want them, why they cannot run at 
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high speed, why they cannot be durable, and, finally, why they 
cannot be cheap to make. 

Mr. Binsse.—I should like to ask Mr. Porter what special pro- 
vision has been made to make the piston valve tight, and to pro- 
vide against wear in the piston valve. Iam not a steam engineer, 
but I have had to repair steam engines in which a piston valve 
has been used, and I have been struck by the excessive wear on 
the piston valve. 

Mr. Porter—I am happy, Mr. President, to answer this ques- 
tion. The subject of the durable fit of the solid piston valve has 
occupied my attention a great deal, and in respect to this mat- 
ter it seems to me that by avoiding the causes of wear the re- 
sult will be avoided. It is entirely a question of construction — 
and workmanship. The causes of wear consist in imperfectness 
of form of the cylinder in which the piston valve moves, and 
of the valve itself, the valve bearing on a few points instead of | 
all over; in distortion of form of these surfaces under heat; in 
injury to the surfaces from seizure through unequal expansion ; 
in the binding of the valve in its seat; and in the action of 
water, which, by impinging on the surface, has been found to 
be destructive of the valve seat. In this construction these causes 
of wear are completely avoided, as has been explained in the last _ 
paper. 

These valve seats are prepared with extreme care, intended to 
be truly bored (they are not ground), by using a bar which is © 
demonstrated to be straight. There is one demonstration of a | 
straight bar which is this: Lay it on a straight-edge, entirely dry, _ 
give it a rub, turn it over, and if you have a uniform, unbroken 
bright line from end to énd, that bar is straight, and that bar, 
moving in firm bearings just allowing it to move, is capable of 
boring a parallel hole, and boring a parallel hole isa much more 
difficult thing than a great many persons who have not investi- 
gated the subject suppose it to be. This bar I do not cut for 
inserting the tool. The head carrying the cutters is bored to 
fit the bar snugly, and is secured on any part of the bar bya 
hollow key such as I have described for securing the cam onits __ 
shaft. The cutters can be set at any part of the bar,and the 
surface of the bar will never be marked. Now, when that — 
cutter and bar are fed through a hole, and the finishing cut is _ 
taken in the proper manner, you have practically a perfect hole, 
and when a piston valve is seid fitted to it, it has equally 
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approximate contact at every point of the surface. You may set 
it in a vertical position, and you can weigh that valve and yet it 
will be steam-tight and water-tight. With such a construction 
there is no tendency to wear. Wear never begins, unless from 
some extraneous cause. I should say that pains are taken in these 
cylinders to make all the parts—namely, the cylinder itself, as cast, 
the valve seats and steam passages and ports, and the outer enve- 
lope enclosing the steam jacket—of uniform section, as shown 
in the illustrations to Paper DCXVIIL., so that there can be no 
internal strain which shall produce distortion of form when the 
cylinder is hot. The cylinder and valves, as also the heads and 
piston, are cast of a uniform mixture of iron, to insure equal 
expansion by heat. 

Under these conditions, the piston valve properly fitted can be 
relied upon to be tight for a great length of time, and that is 
the experience of persons who have approximated to that con- 
struction, especially in the vertical engine. With ordinary lubri- 
cation there is nothing to wear it, and a great length of life is 
assured to the valve. I am impressed with that fact for this rea- 
son: I introduced, over thirty years ago, the plan of making 
cross-heads solid, without any means of adjustment. In some cases 
that plan has been a failure, where engines have been running in 
dirty places where the atmosphere is full of grit all the time ; but 
under ordinary conditions they have endured well. In clean 
engine rooms, those surfaces, originally nicely fitted, have worked 
to my knowledge ten or twenty years, and are running just as 
good as ever they were. On the lower guide-bar which takes the 
vertical thrust of the connecting rod, after a dozen years’ running 
I have seen the scraping marks still visible. That is what will 
be the case under favorable conditions, in a clean place, with prop- 
erly lubricated surfaces. These surfaces become as hard as glass. 
That is precisely what we have in our steam cylinder, except that 
in the cylinder there is no pressure on the surfaces, and I think 
that the provision for re-boring will come into play very rarely 
indeed ; but it is always made, and can be employed when required. 
My impression is that these valves will be exceptionally tight 
through a long course of years. You know we have not got to 
compare ourselves with perfection. We have to compare our- 
selves with things as they exist, and that is very far short of per- 
fection. But I think we shall approximate it much more nearly 
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Mr. Dean.—Mr. Porter has touched upon the use of cam valve 
gears for reversing engines. It may be interesting to members to 
_ know of something that has been done in that direction. It hap- 
pened to come to me some six or seven years ago to have the 

direction of the carrying out in detail of some large vertical 
_triple-expansion reversing engines, with four valves to each 
cylinder, and these engines had to be reversed with cams, and 
also with an automatic cut-off engine on the high-pressure cylin- 

der. Of course, the problem was novel, and took a good deal of 
thinking to carry it out; but finally we got to the end of it, and 
the result was a valve gear which really worked very well indeed. 

_ The engines had fifty-two-inch low-pressure cylinders by six feet 

_ stroke, and were to run sixty revolutions per minute and work 
with 185 pounds of steam. We found that it was best to make 

_ the cams reciprocating. We encountered the difficulty of revers- 

_ ing valve gears—that is to say, at anything like an early cut-off, 
of diminished port opening, just as it is found with the eccentric. 

_ Of course, we could obviate it to a much greater extent than 

- could be done by any valve gear which had the valves operated 

_ by aneccentric. The initial motion is given to this reciprocating 

cam shaft by means of what in this country is generally known 
as the Walschaert link, and the lap was removed from the valves 
by connection with the beam. The automatic cut-off was used 

- more as a safety feature than anything else, because the cut-off 
could also be varied by the reversing mechanism. Ido not know 

that anything has ever been said in public before about these 

- engines, but they are erected, although I have not seen them. I 

believe they are running satisfactorily. 

Mr. M. N. Forney.—It may be interesting to some of the 
younger members here, who are not as old as some of the rest 
of us, to know that the cam was used quite extensively on Winans’ 
old camel locomotives. On those locomotives there were two 

eccentrics, one for the forward and one for the back motion, 

- which worked at full stroke, and there was a cam which cut 
off, as I recollect, about one-third of the stroke. A number of, 
hundreds of, those engines were built and worked quite success- 
fully for a great many years. I will make a sketch on the black- 
board ; it will, perhaps, be interesting enough to do that. 

The cam was of a heart shape, like A, Fig. 142. Then there 
was a yoke, BB, on each side; a short link, C, suspended it from 
above, and there was a rod, D, with a hook, Z. There was one 
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interesting feature, that perhaps may not be new, about the 
method of drawing that cam, which is extremely simple. You 
draw a triangle, abc, the proportions of which are optional. You 
now take a centre, 6, and describe a curve, 1-2; then from a 
as a centre describe the curve, 2-3; then, from ¢ as a centre, 
describe 3-4. Then go back to db and describe 4-5; then over 
rom @ describe 5-6, and from ¢ describe 6-1. Now such a cam 
has the property that it is of an equal width at any point. If 
included by two parallel lines like de and fg, with the cam in any 
position, it is always the same width across. There is nothing 
novel about it, but cams of that kind were used on a great 
many engines for many years. The locomotives had only forty- 


two-inch driving wheels, and, of course, had to run often at very 
high speed for that size of wheel. The cams were made of cast- 
‘iron, and the surface was chilled and ground on an ordinary 
grindstone, with a gauge of a parallel form like edfg, so as to get 
the weight at every point uniform and equal. The eccentric rods 
were also worked with hooks, which dropped into rockers. This 
was a case in which cams were used for a great many years, and 
quite successfully. 

Mr. John Thomson.—I have just read, with a great deal of 
interest and with profit, Mr. Porter’s paper on the “ Description 
of a Cam for Actuating the Valves of High-Speed Steam En- 
‘gines.” This interest, doubtless, comes largely from a certain 
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community of interest in the premises; for I have been called a 


“Cam Crank!” 


a closed cam : 


I presume to offer the following excerpts from a recent paper 
_ presented by me to the American Society of Civil Engineers in 
relation to printing and embossing presses. 

_ Thus, referring to a carriage action, driven back and forth by 


“There is one feature here, however, which may be adverted 
to, corresponding somewhat to the transition curve theory of 
railroads, namely, that all cams should have their starting-point 
_ materially further back and their entering curve of materially 
- greater radius than might appear called for theoretically. The 


reason for this is, that the point marked for the theoretical 


divergence from the concentric arc or the tangent is seldom, 
if ever, the actual position at which divergence takes place ; for 


the reason that in actual mechanism the lost motion and spring 


a of parts are often sufficient to neutralize the easement. The con- 
sequence is that although the mathematics of the paper plan may 
be faultless the actual performance may be far from satisfactory.” 

Judging from the drawings presented, it is intended to have a 
full-face contact between the roll and the periphery of the cam, 
and that the roller is closely confined endwise. 
adjustment of parts are faultless, and shall remain so, this will 
be all right ; but practically this will not be the case. Mr. Porter 
says: “The profile or working face of the cam is the important 
. thing.” Yes; to start in with; but after that “the impor- 
tant thing” is to insure the revolution of the roll ; which at one 
hundred and eighty cam revolutions means about six hundred and 
thirty revolutions of the roller per minute. 


If the fitting and 


I need hardly call 


Mr. Porter’s attention to the fact that in a cam of as pronounced 
deformation of contour as his, there is a tendency, in portions of 
the epicycle, to produce a greater pressure between the roller and 
its journal or stud than that which would be caused by direct or 


radial pressure. 


In principle, it is the action of a wedge. And 


to this, as the result of my experience, I submit this additional 


quotation : 


“Tt has proven advantageous in our practice to form all cam- 


rollers slightly crowning. 


In this wise the pressure is bound to 


be transmitted evenly to the stud or journal, and it will be more 


certain to revolve under all circumstances. 
“Tt is believed that, wherever practicable, all friction rollers 
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and crank-pin bearings and the like ought to be freely fitted side- 
wise—that is, having plenty of end-motion; as under such condi- 
tions there is less liability to bind between shoulders or to cut or 
‘ring up’ than where no opportunity is given for the bearing 
surfaces to automatically shift. It is probable that a principal 
reason why end motion shows up, practically, as well as it does, is 
that it assists to distribute the oil between the working surfaces.” 

Referring to Fig. 34 of the paper, may I ask, is the steam 
pressure in the small cylinder to be sufficient to fully overcome 
the momentum of the vibrating parts? If so, then this must call 
for a fair excess of pressure to insure certainty of action, and as 
a consequence does not the friction-roller act to drive the cam 
through about half of its revolution? Iso understand the opera- 
tion. This being the fact, it will call for good fitting in the bevel 
gears, which thus alternately drive and follow. 

But it is a beautifully worked-up device, deserving of the highest 


praise, and I simply raise these points because, with the cranki- 


ness of a printing-press cam-maker, but that lack of steam-sense, 


; as Professor Denton would say, I would have designed the cam to 


drive positively in both directions. And why not? 

Mr. C. T. Porter.*—I cannot refrain from giving utterance to 
the extreme gratification which I have felt at hearing the expres- 
sions of hearty approval with which this, I must admit, somewhat 
bold, departure in steam engineering has been received. A few 

_ ‘remarks only seem to call for reply. 

Respecting the cam-roller and pin, I would emphasize the pro- 
vision for their durability made in extended and hardened surfaces, 
and excellent lubrication, and also the readiness and cheapness 


with which they may be renewed in case of serious wear. 


>. ee aa In response to the pertinent questions of Mr. Thomson, which 


oa differently to compensate for the angular vibration of the con- 


~ necting-rod, a feature which is by no means to be sacrificed. So 
the cam will not work in the ordinary yoke, as illustrated by Mr. 

_ Satie This reason would seem to be sufficient, but there is 
another which quite reconciles me to this impossibility. The 
‘elastic pressure insures silent running, whatever wear may take 


_ show complete familiarity with the subject, I would say, there 
are two reasons why it is not attempted in this engine to drive 
“ the cam positively in both directions. The first is, that it cannot 
be done, because the opposite throws of the cam are timed quite 


* Author’s closure, under the Rules. 
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place; while positive motion in both directions involves a knock 
on each reversal, as soon as the least lost motion comes to exist. 

The thrust of the cam against the roller is generally at a vary- 

ing angle with the line of its motion; but at the points where this 

angle is greatest the acceleration or retardation is much less than 

_ the extreme amount; so the pressure between the roller and pin 
will not be greater on this account. 

. The roller does act to drive the cam during half the revolu- 
- tion; the transition is, however, extremely gradual, so that with 
_ properly fitted gears the backlash will not be heard. The press- 
ure is intended to be sufficient to maintain contact at a speed con- 

siderably above the normal speed of the engine. The suggestion 
that the cam-rollers be made slightly crowning seems to me worthy 
of attention. 

The point raised by Mr. Oberlin Smith, that the roller, if it re- 

_ volved on the pin, would be worn so as only to bear on a line 
along the pin, does not seem to be well taken. It assumes that 
the pin does not wear. 

With respect to waste room, I have always held that the space 
additional to that swept through by the piston, which has at every 
stroke to be ‘filled with steam that does very little good, és “ an 
unmitigated evil.” This is questioned by Professor Richards. I 
will endeavor to present the loss from waste room clearly. 

Take, for example, a cylinder of 20 inches stroke, working 
steam of 90 pounds total pressure, cutting off at .2, or 4 inches, 
of the stroke, and having 6 per cent. of waste room; which pre- 
sents a case quite within the limits of ordinary practice. The 
waste room adds 1.2 inches to the length of the cylinder, and so 
adds .3 to its capacity up to the point of cut-off, and to the weight 
of steam required to fill it. What good does this additional 30 
per cent. of steam do? It adds .035 to the mean pressure, by 
raising the expansion curve to a higher terminal pressure, and that 
is all. Except for adding 1.65 pounds to 46 pounds mean press- 
ure, it is thrown away. In the case cited by Professor Richards, 
the 12 per cent. of waste room is twice as wasteful as this. At .2 
cut-off, it adds .6 to the weight of steam used, and .07 to the power 
exerted. At earlier cut-off, the percentage of loss becomes greater, 
being, at .1 cut-off, 60 per cent. in the case I have supposed, and 
120 per cent. in the case cited by Professor Richards. 

All this is obvious and familiar. Merely citing a case appar- 
ently at variance with this plain measurement seems to me as if 
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_ tts seeing an object rising in the air, should be unsettled 
about the law of gravitation. Tn the case cited by Professor 
Richards, the 12 per cent. waste room was only in the high- 

_ pressure cylinder of a triple-expansion engine, and was probably 

Be _ filled by the compression. In some way, of course, examination 
eS must show that case to be reconcilable with the truth. I confess 
_— that I cannot discuss this subject without some feeling, for my 
ia engineering life has thus far been seriously clouded by large waste 
room. It was the one defect of the Porter-Allen engine. In the 
engine now presented to the Society and the public, I am con- 
vinced that no feature will be found of greater value than its smail 
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BY F. W. DEAN, BOSTON, MASS. 
(Member of the Society.) 
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In April of the present year the writer, as expert for the 
Louisville Water Co., Louisville, Ky., and Mr. Dexter Brackett, 
as expert for the builders (the I. P. Morris Co., of Philadelphia) 
of the new pumping engine at Louisville, Ky., conducted a con- 
tract trial of six days’ duration. The engine ran 144 hours and 
10 minutes without a stop, which is the longest test run on rec- 
ord, and established itself as the most economical compound en- 
gine that has ever been tested, so far as the writer knows. The 
result is phenomenal and is of great interest at the present time 
on account of tests of some recent high-expansion engines with 
cylinder ratios of 7 to 1, an account of one of which the writer 
gives in another paper. It also has great interest in showing 
how closely reached by this engine are the records of many 
triple-expansion engines. The writer believes, however, that a 
triple-expansion engine designed on the same lines will lower 
the steam consumption by a paying percentage. 

The engine referred to is Pumping Engine No, 3 of the 
Louisville Water Co. It is of the well-known Leavitt type, 
having two vertical inverted cylinders, the piston rod of the 
high-pressure cylinders being connected by links to one end of 
a beam, and the low-pressure similarly to the other end of the 
beam. The main shaft is at one end of the engine, and the con- 
necting rod passes from a pin in the upper part of the beam to 
the crank-pin. The steam pistons have opposite motions in 
consequence of this arrangement, and the exhausts from the 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, an and forming part of Vol. XVI. of the 7rans- 
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ends of the high-pressure cylinder pass to the corresponding 
ends of the low-pressure cylinder. There are two reheating 
receivers between the cylinders, composed of small brass tubes, 
inside of which is live steam of boiler pressure, the exhaust 
steam passing in contact with the outsides of the tubes. Both 
cylinders are steam-jacketed on heads and sides with steam of 
boiler-pressure. 

Each steam-cylinder is provided with four gridiron valves 
operated by Leavitt cams. The point of cut-off in the high- 
pressure cylinder is automatically determined by a ball gov- 
ernor, but that of the low-pressure cylinder is fixed. The engine 
is of the most massive character, the weight being far greater 
than that of any other pumping engine of the same capacity. 
The pumps re located directly under the engine, and the 
plungers are connected to the beam at such points that, while 
the stroke of each steam piston is 10 feet, that of each pump 
plunger is 7 feet. The plungers work vertically and are of the 
differential type, being single acting on the suction, and double 
acting on the discharge. The engine is provided with a surface 
condenser and vertical double acting air pump. 

On account of the rise and fall of the Ohio River the bed 
plate of the engine is placed above the highest high water mark, 

while the bottoms of the pumps are sufficiently low to take water 
at the lowest stages of the river. The distance from the bottoms 
of the pumps to the bottom of the bed plate is 61 feet. 

The trial consisted of ascertaining the duty by weir measure- 
ment at the reservoir and nearly or quite all other data of 
interest. That part of the trial relating to the engine only 

= il be here described. The engine is worked by steam of 

f 140 pounds . gauge pressure at the boilers, and this is conducted 

. through 180 feet of steam-pipe, well covered, to the engine. 

Be At the engine the total per cent. of condensation in this pipe 
pe and priming of the boilers amounted to 2,55; per cent., and all 
of this but ;5%; of 1 per cent. was thrown out by a separator. 
“4 The steam pressure at the engine near the high-pressure cylin- 
der fell to 137 pounds by gauge. 

At the beginning of the trial the steam pressure in the two 

- boilers used was at about 90 pounds, and just before starting the 

Immediately 

= stopping the engine, 6 days 10 minutes later, the same 
pressure and water-levels existed. 
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From the total weight of steam entering the there 
have been deducted the steam used by the calorimeter and the 
water removed by the separator. In the appropriate places the 
moisture shown by the calorimeter was deducted, viz., wher- 
ever results are stated in terms of dry steam. 
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Indicator diagrams were taken every hour throughout the 
144 hours on separate indicators at each end of each cylinder. 
These diagrams were taken with great care, and after the trial 
the scales of the indicator springs were determined at the 


heel Thy 


Fic. 58.—No. 123. Low-Pressure, Top. A = 2.85. 


Fie. 54.—High-Pressure, End. 


thgtagh fst of well 


Fria. 55.—Low-Pressure, End. 


a = Before the trial the engine had been run the greater part of a 
year. The piping and cylinders were thoroughly covered with 
a non-conductor of heat. 

The following are the leading dimensions of the engine: 
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Type, Leavitt compound vertical inverted beam fiy-wheel. 


Diameter of high-pressure cylinder, hot................ veswe 27.21 in. 
Mean clearance of high-pressure cylinder................ ... 1,585% 
Diameters of each differential plunger........... re. ae 84 in , and 24,7, in. 
Mean ratio of steam piston areas................. 
Volume displaced by plungers during one revolution of engine. 660.30 gallons, 
Diameter of each discharge pipe.... 24 in. 
Results of Engine Trial. 
Total number of revolutions. ............. 160,666.5 
Average number of revolutions per minute.............. 18.574 
planger speed per minute............. 260.04 
Of Engine room...... 60° to 86° 
Of external air.............. 48° to 86° 
Of main feed at weighing 81.2° 
Of jacket and reheater drain at boiler........... 828.389 
Of water in pump well. 


Average Pressures. 
Of atmosphere by barometer ‘ 14.60 Ibs. 
Of steam at boilers by gauge...............eeeeeeeeeees 140.00 Ibs. 
Of initial steam, high-pressure cylinder, absoiute........ 145.75 lbs. 
Of terminal pressure, low-pressure cylinder, absolute... . — 7.82 lbs. 
Ot back pressure, low-pressure cylinder, absolute........ + 0.95 Ibs. 


Vacuum by gauge........... 97.75 in. 


Water pressure by mercury 62.50 Ibs. 
Height of mercury zero above water in pump well....... 49.04 ft. 
Total water pressure........ 83.74 Ibs. 


Steam Used by Engine. 


Moist steam entering Ibs. 
Water drained from separator............ 
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Steam used by calorimeter 727 lbs. 
Total moist steam used by engine 1,133,768 lbs. — 
Percentage of moisture in steam after leaving separator. . 0.55% 
Total dry steam used by engine 1,127,533 lbs. 
“ moist ‘* passing through inner steam cylinders. 943,973 lbs, 
Percentage of moist steam used by jackets and reheaters.§ 16.74% 
Moist steam used per hour, per IL.H.P..............00:- - 12,228 Ibs. 
Bey * 12.156 Ibs. 

by inner cylinders. 10.120 Ibs. 
Moist pump, horse-power....... lbs. | 
Prevailing point of cut-off high-pressure cylinder als 20.200 

Drop between cylinders 0.00 Ibs. 
Compression in high-pressure cylinder full. 
“6 low-pressure 
jo Tad ay 


20.40 


Ratio of expansion by volume ; 


Steam accounted for by indicator at high-pressure pene 
in per cent. of 10,120 pounds 7.75 lbs. = 76.584 
Steam accounted for by indicator at high-pressure release. 9.166 Ibs. = 90.574 
‘** low-pressure cut-off. 10.008 Ibs. = 99.604 
a elease. §.725 Ibs. = 96.09% 


2) Notre.—The last four items are to be regarded as closely approximate only. 


Average Powers, Ete. 


Average mean effective pressure in high-pressure cylinder = ‘ 43.53 lbs. 
by high-pressure cylinder........ 279.00 
* low-pressure 864.40 
Percentage of power in high-pressure cylinder gal 7 43.36% 
Horse-power of plungers 599.10 H.P. 
Friction horse-power = 44. 
Efficiency of mechanism 93.12% 
Friction of mechanism. ; 6.88% 


British thermal Units, Ete. 


Mean absolute steam pressure at engine.............. ~via 151.60 Ibs. 
‘* temperature of rejection of engine (air pump dis- 
charge) 
Mean temperature of Roan of jackets and reheaters at are 
Heat of liquid of air-pump discharge BEG. 
jacket and reheater drain j 306.00 
liquid of steam supply 880.90 
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a TRIAL OF THE LEAVITT PUMPING ENGINE. __ 
Dry steam in mixture used by engine 0.9945 — 
B. T. U. per lb. of moist steam passing through inner ‘ 

cylinders, 0.9945 x 860.6 + 330.90— 52.27 =... ...... 1134.50 B.T.U. 
B. T. U. per ib. of moist steam passing through jack- 

ets and reheaters, 0.9945 x 860.6 + 330.9 — 306.0 = 880.8 
B, T. U. passing through cylinders in 144 hrs. 10 min.... 1,070,987,531 
B. T. U. passing through jackets and reheaters in 144 hrs., 

167,171,428 

B. T. U. passing through engine in 144 hrs., 10 min.... 1,238,108,959 
B, T. U. used per I.H.P. per minute (moist steam) 222.46 “ 
Mechanical equivalent of heat (Rowland) 778 ft. bs. 
Thermodynamic efficiency of engine 555-46 x 776 = 


i 


Duties based upon Plunger Work. & 


Plunger work performed in 144 hrs., 10 min ... 71,015,314,960 ft. Ibs. 
Duty per 1,000,000 B. T. U. used by engine alone 138,126,000 <‘* 

«« 1,000 lbs. moist steam used by engine alone.... 150,838,000 
1,000 lbs. dry steam used by engine alone 151,672,000 
100 Pittsburgh coal 125,444,000 
100 ‘* ‘* Pocahontas ‘‘ 139,031,000 
100 Pittsburgh combustible 129,295,000 
100 ‘* Pocahontas 145,762,000 


» 


Sample indicator diagrams from steam and water cylinders are 
given (Figs. 50-55), and also a combined diagram (Fig. 56). | 
This engine is, both in design and results, in striking contrast 
with the -Rockwood System engine described in the writer’s 
other paper, as shown in the following table: 


ENGINE. LEAVITT. 


151.60 Ibs. 
27.75 in, 
20.40 

Number of revolutions per minute 18.57 

Length of stroke 10 ft. 

Piston speed per minute 871.5 ft. 

Cylinder ratio 4tol 1 

Drop between cylinders None About 14 Ibs. 

Dry steam per I.H.P. per hour......... 12.156 Ibs. 12.84 Ibs. 

Difference in favor of Leavitt.....,.....| 0.684 lbs.= 5.3¢ 


This comparison shows very clearly that the ratio of 7 to 1 
does not necessarily produce as economical results as a ratio © 
far removed from it, even with the additional advantages of 24 
pounds more steam pressure, 1.6 times as many expansions,four _ 
times as many reciprocations per minute, and twice as great pis- _ 
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ton speed. It tends to show that no advantage arises s from a 


drop in pressure between the cylinders, if evidence were needed —™” 
of this. 

It is the writer’s opinion that in order to use steam in the ‘@ 2 
most economical manner in a multiple expansion engine, the — a 
expansion must be continuous throughout the series of cylinders ae 
(that is to say, there should be no drop between the cylinders), a 


and that compression should be carried up to the initial press- 
ure in each cylinder. These features have been employed to 
the fullest extent in the Leavitt engine which forms the subject 
of this paper, and the result has surpassed all records for 
economy of engines of its class. 
storm 
ADDED TO THE PAPER AFTER THE MEETING. 


A test of so much importance as that of the Louisville engine, 
2 wherein a new record has been established for steam consump- 
tion, may, with great propriety, be accompanied by some data of 
the log of the trial. 

The following are the amounts of feed- water weighed each day - 
of twenty-four hours: 


1st day, 24 hours........... eee 150,752 pounds of water. 


6th 24 hours 10 minutes.............164,489 “ 


JACKET.AND RE-HEATER RETURN METER READINGS. 


Reading. | Difference. com Total weight. 
3 9690.8 6.3 52.17 Ibs. 829 Ibs. 
= 27, ..1 10884.0 594.0 30,989 ‘* 
“ec “ec 29, 12087.0 604.0 81,510 ‘cc 
a1 Mey 1, “ ..| 611.3 hi... 21,891 


The above unit weight of 52.17 pounds was determined 7 ie 
weighing the condensation in a cask of cold water during two — 
hours. Thinking that this calibration might be too short to use ah 
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for a test of six days’ duration, a calibration of twenty-four hours’ 
duration was made by Mr. Hermany, chief engineer and super. 
intendent of the Louisville Water Works, at my request. The 
engine was run at precisely the same speed and against the same 
head as existed during the official trial. Indicator diagrams were 
taken every hour, worked up by me, and gave the same horse- 
power as on the official trial. During these twenty-four hours 
the condensation was continuously weighed, and found to be 
31,7323 pounds, which is almost identical with the meter results. 
During this same trial the feed-pump was run by a donkey boiler, 
and its exhaust was not allowed to enter the boiler. The weighed 
feed amounted to 193,133 pounds, which is almost identical with 
the sum of the weighed feed and jacket and re-heater returns, as 
given above, for any single day. 

On October 10 the condensations in the jackets and re-heaters 
were determined by weighing separately, but simultaneously, 
during eight hours, with the following results : 


Average Condensations per Minute, October 10. wit 
Horse-power Jacket. Re-heaters. Low-pressure Jacket. 


b 7.4938 pounds. 10.0417 pounds. 5.2338 pounds. 


On October 20 the same determinations were repeated for 
eight hours, with the following results: . 


Average Condensations per Minute, October 20. 


_ Horse-power Jacket. Re-heaters. Low-pressure Jacket. 
7.5083 pounds. 9.9437 pounds, 5.1417 pounds. 


The engine ran on each of these trials at the following speeds: 


_ Average number of revolutions per minute, October 10 18.6083, 


while on the official trial the average number of revolutions per 
minute was 18.574. It is not known what head existed on either 
October 10 or October 20, and, therefore, what power was being 
generated. 


[NoTE.—This paper received discussion jointly with that by the same author 
on ‘‘ Trials of a Recent Compound Engine with a (yiinder Ratio of 7 to 1,” and 
the remarks made in debate are published in connection with that paper. 
Transactions A. 8. M. E., Vol. XVL., p. 179, No. 620.] eee 
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eee OF A RECENT COMPOUND ENGINE WITH 


A CYLINDER RATIO OF TO 1. 
vit, BY F. w. DEAN, BOSTON, MASS. j ad 
any: (Member of the Society.) mit hi 


CoNSIDERABLE interest has been recently shown in the per- 
formances of some compound engines working with high- 
pressure steam; and members will recall a paper presented 
at the San Francisco meeting by Messrs. Green and Rockwood, 
giving an account of trials of an engine as a triple expansion 
engine and, by throwing the intermediate cylinder out of use, 
as a compound.t The results of the trials, which were evidently 
made with due care, tended to establish equal economy of the 
two types. 

Laying aside for the present consideration of the possibility 
of such results being obtained from well-designed and properly 
worked engines of the two types, the writer desires to give an 
account of a test which he conducted of an engine founded, 
in its design, upon the engine referred to, and embodying what 
is known as the Rockwood system. 

This engine was built by the Wheelock Engine Company, of 
Worcester, Mass., for B. B. & R. Knight, of Providence, R. I. 
and located at their mill in Natick, R. I. The engine possessed 
the cylinder ratio of 7 to 1, which, under the system referred to, 
is held to possess special virtue. 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the Trans- 
actions. 


t Transactions American Society of Mechanical Engineers, Vo). XIII., p. 647; 


TRIALS OF A RECENT COMPOU 
NT COMPOUND ENGIN 
in 
a 
o « 
| 
= 
3 
> 
43 
— 


TRIALS OF A RECENT COMPOUND ENGINE. 


_ The following are the leading dimensions : 
ik Diameter high-pressure cylinder, hot 
low-pressure 7 
high-pressure piston-rod 

low-pressure 
Stroke of both pistons 
Mean ratio of piston areas 

high-pressure clearance 

low-pressure 


_ The engine is a horizontal cross compound, with the high- 
pressure cylinder jacketed all over, and the low-pressure cylinder 
on the headsonly. There was a re-heater between the cylinders. 
In the writer’s judgment the jackets were badly piped, and it is 
doubtful if the jacket circulation was good. The re-heater was 
quite deficient in heating surface. The condenser was of the 
injector type, made by the builder of the engine. The vacuum 
was defective, although very cold water was used. 

The engine was four hundred feet from the boiler, which was 
of the Babcock & Wilcox make, but as the pipe and flanges were 
well covered the condensation was not excessive. 

Examination showed the pistons and valves to be tight. 

The feed water was weighed upon correct scales, and was 
pumped by a geared pump. The boiler was entirely separate 
from others in the same plant, and all connected pipes which 
could carry unaccounted-for water or steam to or from the plant 
were disconnected or blanked. There were no leaks either in 
the economizer or boiler, and in the second test here described 
the economizer was not in use. 

In the engine-room, indicator diagrams were taken by two in- 
dicators on each cylinder every twenty minutes, the power being 
very uniform. A calorimeter was attached to the main steam- 
pipe near the high-pressure cylinder, and just before it there was 
located a steam separator. The condensation from this sepa- 
rator was kept at a constant height in a water glass, and the 
water drawn off was weighed by running it into a tank of cold 
water. The re-heater and jacket condensations were under con- 
trol, and were kept at a visible and constant height in a glass 
tube, thus insuring no waste of steam. 

Five different tests were made, but on account of accidental 
and unavoidable wastes of steam in three of them, only two will 

e. During re was a slight 
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The following is a brief tabulation of the results : 


The Aeniinns of the tests were shorter than is desirable, but 


iva safety valve was open three-questers of a minute. These errors 
Pe: a are so slight that they can be ignored. 


a Date, 1894. JAN. 26, P.M. | JAN. 27, a.M. 
be Average steam pressure near engine................. 159 lbs 158 lbs. 
ratio of expansion by volumes............... 33.0 33.4 
‘¢ number of revolutions per minute........... 76.357 76.603 
piston speed, feet per minute............... 610.86 612.82 
oe Per cent. of moisture in steam near cylinder.......... 1.90% 1.75% 
Total dry steam used.......... 84,089 lbs. | 37.677 Ibs. 
Dry steam used per I. H. P. per 12.74lbs. | 12.94]bs. 
verage dry steam used per I. H. P. per hour........ 12.84 lbs. 


It will be seen that these results show a very economical use 


of steam, and far less than has heretofore been thought possible 
with compound engines. If the vacuum had been 28 inches, the 
steam consumption might have been as low as 12.36 pounds on 


fy 


Fie. 57.—High Pressure, Head End. 


January 26, p.m., and 12.60 pounds on January 27, a.m., if this 
had not given rise to any unfavorable set of thermodynamic con- 
ditions. 
Sample indicator diagrams are given (Figs. 57-60), and in the 


The average of these two is 12.48 pounds. 
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he indicator springs were carerully tested Dy the writer 
under steam, and afterward taken to the Navy Yard at Brook- ae 
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writer’s opinion they have a grave defect in showing a con- 
siderable drop in pressure between the cylinders. The writer 
is aware that this is desired by the designers, but the loss in 


17.17 
14.7 


Fig. 58.—Low Pressure, Head End. 


effect of the steam to which this gives rise cannot be recovered 
by any subsequent event. Moreover, this drop exaggerates the 
difference in the ranges of temperatures of the two cylinders, 
and increases the loss still further by increasing the cylinder 
condensation, — to the well-known and fundamental the- 

we. uped eal seal 


Fic. 59.—High Pressure, Crank End. 
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a ory. of the desirability of equal ranges of temperatures. The 
ay ranges on January 27 were about 144 degrees in the high-press- 
ure and 82 degrees in the low-pressure cylinders. 

= _ Although the performance of the engine is remarkably good, 
the writer believes that it was realized in spite of great defects, 
and that it would have been much better if these alleged defects 
ie had not existed. The economy, in the writer’s judgment, is due 
ti to high steam pressure with the resultant high degree of expan- 
_ sion, small clearances, and tight pistons and valves. 


DISCUSSION.* 
; Prof. R. H. Thurston.—The results of short engine trials have 
i! ar always been looked upon with much distrust by engineers, when 
apparently exhibiting exceptional economy ; and the traditional 
Ra ~ myth of the performance of the “ record-breaking ” Cornish engine 
od ae of the last generation, and of that of the S. S. Thetis, in w Hich, 
i for the time, fabulous duties are stated as the results of short duty- 
rats ts, trials by famous engineers, are a standing admonition to all later 
E = experimenters. This reproach certainly cannot be urged against 
_ this trial, and the profession is placed under a real obligation to 
Mr. Leavitt, Mr. Dean, and Mr. Hermany for the admirable 
example which they have here given of deductions based upon 
unquestionably representative and extended periods of. operation 
under unusually regular working conditions. The machine 
should, it is fair to assume, be capable of sustaining this duty 
indefinitely. A week’s work should be as satisfactorily represen- 
tative of the capabilities of the engine as the work of a year. In 
_ this case, the result is a magnificent one, and designer, builders, 
_ and officers in charge of the machine have reason for congratu- 
tation. I think this “breaks the record” for the compound 
engine to date. A duty of 140,000,000 for 100 pounds of coal, 
and of above 150,000,000 for 1,000 pounds of steam, represents, 
_ probably, not only the best to date for this class of engine, but, 
_ very closely, the practical limit with saturated steam; and 12 
_ pounds of steam per I.H.P. per hour seems the limit for pressures 
of 125 to 150 pounds. 
The usual conditions of economy are here illustrated fully: 
dry steam, sharp cut-off, full expansion to six or eight pounds 
absolute Pressure, free transfer of heat in jackets, with -small 


* This discussion covers the topies in two of Mr. Dean’s papers: The Trials of 
the Leavitt Pumping Engine at Louisville, No. 619, and this one to which the 
cebate is appended. 
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eh cylinder-condensation, no drop between cylinders, and high 
Hs a efficiency of mechanism. The jacket-condensation is high, the 
friction of mechanism extraordinarily low—for such a heavy 
engine very remarkably so. I doubt if it has ever been equalled, 
by the Worthington class of direct-acting machines. 


COMPOUND os, TRIPLE, 


ENGINE. Leavitt. Rocxwoop. TRIPLE. 


“a : Steam pressure absolute 151.60 Ibs. 175.50 Ibs. | 135.45 Ibs. 
Vacuum ‘ . 27.6 ins. 
Ratio of expansion . 
Number of revolutions per minute. . 
_ Length of stroke 
Pision speed per minute 
Cylinder ratio 
Drop between cylinders About 14 Ibs. 
_ Dry steam per I.H.P. per hour , 12.84 lbs. 
: Difference in favor of Leavitt . 
if 0.478 Ibs. = 


As presenting an interesting comparison, I have taken the 
liberty of adding to Mr. Dean’s table the figures for the Mii- 
_ waukee engine, in order to bring especially the relation of com- 
- pound to triple, as a comparison of the best work in each class 
permits now, with a conclusiveness never before allowed. In the 
collection of data thus assembled, we find the triple-expansion 
machine with lowest steam pressure, lowest piston speed, and 
lowest ratio of total expansion, gives four per cent. higher 
economy than the compound, and nine per cent. better than 
Ea: the hermaphrodite machine, and this means, no doubt, that Mr. 
- Dean’s statement is perfectly correct ; that the triple engine would 
_ have proved in the hands of Mr. Leavitt as remarkable in its class 
# as is this compound in its field. The observed difference would be 
pet ¢ exaggerated, were the triple given the advantage of equally high 
steam and high piston speed, and it would seem probable that, 
under the conditions here indicated, the gain by the addition of 
the third cylinder would be something over five per cent. The 
loss by leaving it out, and substituting a receiver with free expan- 
sion, would seem, under similar conditions, to be likely to prove 
in excess of ten per cent.,a high price to pay for the saving of 
even a steam-cylinder with its valve-gearing. Mr. Leavitt’s success 
__ is one in which the whole profession may find cause for pride. 
; F. H. Ball.—This paper institutes certain comparisons 
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between the Leavitt pumping engine at the Louisville Water 
Works, and another engine which is described as the “Rockwood 
System,” and certain deductions are made by the author as a result 
of these comparisons. Unfortunately for some of us, at least, who 
are interested in this subject, we have not been informed as to 
exactly what the “ Rockwood System ” is. We have had several 
very interesting reports from Mr. Rockwood, of trials of compound 
engines, where cylinder ratios larger than usual were used, and 
many of us, who believe he is on the right track, have hoped that 
he would elaborate his theory in a paper for presentation to this 
Society. Ifthe ratios commonly used are wrong, there must be 
some theory to demonstrate this fact, and to point to some other 
ratio as being better. Mr. Rockwood has told us, on different 
occasions, of his engines, with various cylinder ratios, ranging as 
high in one case, I believe, as 9 to 1. Does his system then consist of 
simply making cylinder ratios greater than heretofore, and does it 
cover all cases from the conventional ratio to infinity, or is therea 
choice in this matter? Mr. Dean seems to think that he has lo- 
cated Mr. Rockwood at 7 to 1. Let us proceed on this assumption. 

teferring to the performance of the two engines under con- 
sideration, it must_be admitted that the results obtained in both 
cases are phenomenal. Here are two compound engines showing 
an economy that has seldom been equalled by the best triple- 
expansion engines, and never exceeded by them but by a very 
small amount. The Leavitt engine stands at the head, with its 
12.15 pounds of water per horse-power per hour, and the Rock- 
wood engine a good second with 12.84 pounds. In comparing 
these remarkable engines, Mr. Dean has made some sweeping con- 
clusions, which perhaps may be fairly questioned. 

On the last page of his paper he uses the following language: 


‘‘It tends to show that no advantage arises from a drop in pressure between 
the cylinders, if evidence were needed of this.” 


Aiso, in the closing paragraph, Mr. Dean says: 


‘*It is the writer’s opinion that in order to use steam in the most economical 
manner in a multiple-expansion engine, the expansion must be continuous 
throughout the series of cylinders (that is to say, there should be no drop between 
the cylinders), and that compression should be carried up to initial pressure in 
each cylinder.” 


I must take issue squarely: with Mr. Dean, both in regard to 
this being a reasonable conclusion from the figures of his test, and 


also in regard to its being true. 
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Taking the question of compression first, where is there, in 
the reported data of these engine trials, one iota of evidence on the 
subject of compression? Here we have two engines, with widely 
differing cylinder ratios, tested under conditions which are dissimi- 
lar in almost: every respect. In comparing the two engines, the 
least conspicuous difference is in regard to their relative rates of 
compression... Therefore I don’t think Mr. Dean is warranted in 
arriving at any conclusions whatever regarding compression, from 
the figures of these trials. If his compression theory rests on 
any other evidence, I hope he will give it to this Society in con- 
nection with this paper. As against his theory we have the 
engine trials conducted by Professor Jacobus, reported at the 
Montreal meeting of our Society, in which trials all the conditions 
remained practically constant except compression, and the evi- 
dence obtained is conclusive that full compression did not in this 
case give the best economy. Does Mr. Dean question the ac- 
curacy of the data reported by Professor Jacobus, or, if not, how 
does he make his theory fit these facts? 

Coming. back to the other part of his opinion, he tells us that 
“there should be no drop between the cylinders.” Presumably 
this opinion is confirmed in his mind by a study of the data 
obtained in his trial of the two engines under consideration. Let 
us see how logical this looks. 

First, the great dissimilarity of conditions governing these 
tests would seem to make it very difficult to estimate the effect 
of any one of the features of difference, because all of these dif- 
ferences were present continuously during the tests, and each pro- 
ducing its own modification of the result. 

Second, let us. suppose, however, that the case was different, 
and that the two engines were exactly alike in every respect 
except as to the cylinder ratios, and the consequent terminal drop. 
Let it be assumed also that the conditions of the test were identi- 
cally the same with both engines. The Leavitt engine, Mr. Dean 
tells us, represents his theory to the fullest extent. This engine 
has a cylinder ratio of 4, and, without appreciable drop between 
the cylinders, maintains a practically continuous expansion to 
about 20 volumes. 

The Rockwood engine has a cylinder ratio of 7, and a con- 
siderable terminal drop between the cylinders, and expansion is 
carried to about 33 volumes. Between these wide extremes 
there is a vast unexplored wilderness, so far as any information 
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‘ ua from these tests is concerned. If the economy of these engines 
was represented graphically with relation to the economy of 
‘ similar engines with greater cylinder ratios than Rockwood, and 

less than Leavitt, the result would be a curve on which Rock- 
ue wood and Leavitt would appear near that part of the curve repre- 
Bak. senting the best economy, and beyond Rockwood at one end, and 
Leavitt at the other, the curve would turn toward a greater con- 
sumption of steam. Suppose Mr. Dean has established two points 
on this curve with the data from these engines. How can he, 
__-without a third point, locate the curve, and say that Leavitt is at 
the lowest point? He may with propriety say that this engine 
shows the best recorded performance, and that it is better than 
af the performance of the Rockwood engine which he tested, but it 
seems to me that he has no warrant from these figures for saying 
that “there should be no drop between the cylinders,” nor that 
“compression should be carried up to initial pressure in both 
cylinders,” because it is only a surmise on his part that a still 
better result than either would not have been obtained with some 
compromise between the two. 

The net result of any engine trial is simply the combined result 
of a great variety of conditions, and hence the uncertainty of 
attributing a good result or a bad one to any one of these 
numerous conditions, without having carefully tested for that 
condition. Anything short of this is mere guesswork, which we 
are all privileged to engage in as a diversion, but which has little 
value from a scientific standpoint. Mr. Dean finds a slightly 
better result with the Leavitt engine than the Rockwood, and 
guesses that it is due to full compression and no drop between the 
cylinders. From the standpoint of his theory he finds an unex- 
pectedly good result from the Rockwood engine, and guesses 
again, “that it was realized in spite of great defects.” Following 
Mr. Dean’s example I am inclined to guess that the economy of 
the Leavitt engine is realized “in spite of great defects,” and 
these defects I should call the full compression and lack of drop 
between the cylinders, which are the very features he commends 
as being the full realization of his theory. In this matter of 
guessing we are both now on record, and can await the verdict 
of future experiments. The Jacobus tests, already referred to, 
seem to be good evidence on the subject of compression, and if 
Mr. Dean has anything else in this line, he will no doubt offer it 
in closing the discussion of his paper. 
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On the question of terminal drop, my reasons for differing with 
Mr. Dean will be found on the following pages, which I shall be 
glad to have criticised and discussed by Mr. Dean, or any member 
of the Society. 

First, assuming that, in a‘ given compound engine, the most 
economical range of temperature and pressure for each cylinder 
is known; then is it not the function of each cylinder to effect 
the most economical use of steam between the extremes of pressure 
through which it works? 

Second, considering the low-pressure cylinder alone, and assum- 
ing that a fixed receiver pressure is practically maintained, may 
not the economy of the low-pressure cylinder be studied apart 
from the high-pressure cylinder, and is it not true that the 
economy or wastefulness of the low-pressure cylinder cannot 
affect in any manner the economy of the high-pressure cylinder 
under the assumed conditions as to constant receiver pressure ¢ 

Third, referring to the high-pressure cylinder, and still assum- 
ing a practically constant receiver pressure as before, is it not 
true that the economy or wastefulness of this cylinder produces 
no effect on the economy of the low-pressure cylinder, provided 
the low-pressure cylinder is made to account only for the steam 
delivered to it from the receiver ? 

Fourth, .assuming that the foregoing questions have been 
answered in the affirmative, let it further be assumed, for reasons 
which will appear later, that the boiler pressure is such that a 
receiver pressure equal to the atmospheric pressure has been found 
the most economical. Under the foregoing conditions, then, the 
high-pressure cylinder would perform exactly the functions of 
the single cylinder of a simple engine without the condenser, 
because it would receive steam at boiler pressure and reject it at 
atmospheric pressure. 

This brings the subject down to a point where the writer is 
glad to agree heartily with Mr. Dean in his statement regarding 
the high-pressure cylinder, when he says that any loss in effect of 
the steam in this cylinder “cannot be recovered by any subse- 
quent event.” If this is true, then, for the best result from this 
engine, it is necessary that the high-pressure cylinder should de- 
velop the highest possible economy when receiving steam at boiler 
pressure and discharging it at atmospheric pressure, and, as has 
already been stated, this is exactly the function of the simple non- 
condensing cylinder ; therefore the data obtained in trials of simple 
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engines may be safely applied to the high-pressure cylinder of a 
compound engine such as we have under consideration. This 
opens for us a vast field of research among reliable records of 
simple engine trials, and if Mr. Dean will point to a single case 
where the best economy from a simple engine was obtained by 
expanding to atmospheric pressure, and thus eliminating terminal 

_ drop, it will greatly fortify his theory. Is it not true, that in 
every instance where simple engines have been tested at various 
points of cut-off, the highest economy has always been found 
_ when the expansion curve terminated at a point higher than the 
atmospheric pressure? This terminal drop results in a loss of 
_ work, it is true, and this loss increases rapidly with increase of 

drop, as was illustrated in a paper which the writer presented to 
this Society at the Montreal meeting; but, up to a certain point, 
_ this loss is more than overcome by the resulting increase of mean 
effective pressure relatively to the cylinder condensation. Ter- 
minal drop or free expansion develops heat by internal work in 
the steam, and thus produces a superheating effect in the steam 
discharged under these conditions. In the case of a simple 
engine, this superheating is lost by being discharged into the 
__ atmosphere, while, with the compound engine which we are con- 
Be sidering, the low-pressure cylinder utilizes this superheat, and 
therefore a greater terminal drop is permissible than when the 
cylinder discharges into the atmosphere. For the purpose of 
utilizing the data obtained from trials of simple engines in this 
investigation, a receiver pressure equal to the atmosphere was 
chosen. Whatever can be shown to be true with the boiler press- 
ure and receiver pressure, we have assumed will also be true with 
regard to other pressures, to some degree, at least. The foregoing 
course of reasoning is conclusive to my mind that Mr. Dean’s 
theory is wrong, and it is to be hoped that this question may be 
definitely settled soon, by carefully conducted experiments, having 
that object solely in view. 

George I. Rockwood.—The two papers presented by Mr. 
Dean naturally interest me very much, and I trust I may be 
pardoned if I discuss them at some length; as, though terse (and, 
I may add, refreshingly so), yet they bear with force upon not 
only the relative thermo-dynamic merits of the two engines whose 
economic performance they describe, but also upon the general 
theory of the high-duty steam-engine. 

Let us refer to the contrast said to exist between these two 
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engines. Take, as the first consideration, the steam end of the 
Louisville engine. This may be reasonably regarded as embody- 
ing the best design, and, perhaps, the best mechanical execution 
which we can hope to secure in an engine having two cylinders of 
a volume ratio of 1 to 4, working under a steam pressure of 140 
pounds, and under pumping-engine (that is, the best) conditions. 
These conclusions are confirmed by the news in Mr. Dean’s paper 
of its actual performance; an inspection of the indicator diagrams 
shows that the thermo-dynamic conditions of its operation can 
hardly be improved. 

Consider, second, the Natick compound engine, which embodies 
in its design the extreme cylinder volume ratio of 1 to 7; it has 
small clearances and large ports in the cylinders, its pistons and 
valves are reasonably tight, though manifestly not perfectly so, 
as I will presently show. It has a relatively large intermediate 
receiver (a very important adjunct to the engine), which, as Mr. 
Dean says, contains rather too few brass tubes to produce the 
best steam-jacket effect, although baffle plates are used to get the 
utmost possible contact of steam with tubes. In one important 
point the design of the engine is not on “all fours” with that of 
the Louisville engine; namely, it has no barrel jacket on the 
low-pressure cylinder. 

Now I do not agree with Mr. Dean that the conditions of opera- 
tion of each engine are such as to make the comparison of duties 
actually attained a perfectly fair one from which to judge between 
the relative economic advantages of the two different systems of 
designing, which, as machines, no doubt these engines illustrate 
very well. However, a pretty fair estimate can be formed if 
only correct inferences are drawn from the data Mr. Dean gives 
us. Allow me to say here that although the different parts of 
the Natick engine, such as the details of the cylinders, the details 
of the valves and valve-gears, and the running parts, and the 
volume of the receiver of this engine, were decided upon by 
myself, yet I never saw the engine but twice in my life; once, 
after it was erected and had been running some months, and 
once after it was tested. The details of its application to the 
place where it now is, I had nothing to do with. 

I think, with the author, that the jacket circulation of this 
engine is perhaps poor; that the re-heater does its work under 
adverse conditions; that the vacuum was not so good, by an 
amount which I estimate from the papers at 1.5 pounds, as in 
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- the case of the Louisville engine trial; that the large steam-pipe 
from the Babcock & Wilcox boilers—extending out of doors for 
hundreds of feet—leaked more or less at the flange joints. But 
_all the conditions enumerated are adverse to the best results by 


this engine as compared with the pumping-engine. On the other 


hand, it is urged that this engine runs at nearly twice the piston 
he speed of the Louisville engine. This point has hitherto been con- 
_ sidered of much theoretical advantage. I question it, however, 
3 especially in view of the many recent tests of slow-speed steam- 


as ge jacketed engines in which the economy seemed really improved 
by reason of that slow speed. The larger sizes of the cylinders 
of the Louisville engine should more than compensate for any 


_ fancied advantage to the Natick engine, due to its faster recipro- 
cations. 

The Natick engine had at cut-off in the high-pressure cylinder 

20 pounds more steam pressure to its credit than the Louisville 

engine, and perhaps this is a fair point to raise as a disadvantage 

put upon the Louisville engine, though I believe that engine 


_ would have done no better with the extra 20 pounds than it did 
do, owing to too small a low-pressure cylinder. 


Now for an estimate of the real advantages of either system 

over the other, as revealed by Mr. Dean’s tests. 

First, he makes out an apparent advantage in favor of the 

Louisville engine of 5.3 per cent. I ask, is this figure to be taken 
_ as representing the true comparative economies of the two types 
_ of compound engine? I believe it is not, and for the following 


ae reasons, partly specific and partly general. 


At the trial of each engine the M. E. P. referred to the low- 
_ pressure cylinder, and the degree of vacuum was: Louisville 
engine, 24.9 pounds M. E. P., and 13.4 pounds vacuum; Natick 
engine, 17.46 pounds M. E. P., and 11.9 pounds vacuum. If the 
load on the Natick engine could have been enough more to have 
made use of a vacuum of 13.4 pounds instead of only 11.92 


3 _ pounds, and this decrease in back pressure of 1.5 pounds could 


have been effected and so added to the M. E. P. of 17.46 pounds, 
 asis entirely possible, and as we should not do on paper, if the 

_ proper effect of the better vacuum on the economy of the Natick 
engine is to be understood, then (1.5 + 17.46 = 8.6 per cent.) 8.6 
per cent. more work done by 12.74 pounds of steam would imme- 
diately result. The quantity 12.74 pounds is now 108.6 per cent. 
of the amount necessary to do one horse-power of work, so 100 
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per cent. am as 
the true comparative economy of the Natick engine, as against 
12.16 pounds, that of the Louisville engine, a difference in favor 
of the Natick engine of 3.5 per cent. I will not try to estimate 
the harmful effect on the Natick engine duty of poorly piped 
jackets, insufficient brass tube area in the receiver jacket, or the 
error in determination of its actual performance due to leakage 
of steam from the main steam supply-pipe, etc., although it is 
certainly something, and perhaps considerable. But I should 
like to point out that there was a leak by the steam valve 
on the crank end of the high-pressure cylinder, shown pretty 
clearly by the diagram in Fig. 59, of the paper on the Natick 
engine. 

The point of cut-off shown on this card is (clearance reckoned 
in) at .19 of the stroke. The point of cut-off shown by the other 
card is at 22.4 per cent. of the stroke. One would expect to find 
a lower terminal pressure on the card having the earlier cut-off, 
instead of which the card showing the fewest expansions gives 
the lowest terminal pressure. I estimate the rise in pressure due 
to leakage to have been at least five pounds. There appears to 
have been a loss of steam on the other stroke also, though much 
less, as I estimate the rise in pressure due to leakage to be as 
much as 1.5 pounds. Plainly the Natick engine suffers a loss of 
efficiency by reason of leaky valves, which is not and cannot be 
correctly estimated. Thus I have shown that, if the effect of all 
these disadvantages were to be allowed for, the difference in 
steam consumption in favor of the Natick engine would be 
materially larger than 3.5 per cent. I believe I have thereby 
shown that these data also reveal the engines of the style of the 
Natick compound as better than ordinary compounds. 

Mr. Dean touches upon the theory of the successful operation 
of the Natick engine in these words: “ . . . The economy of 
the Natick engine is due to high steam pressure with the 
resultant high degree of expansion, small clearances, and tight 
pistons and valves.” He might have added, “and to the rela- 
tively very large port areas,” as there is probably no other kind 
of engine extant having so little clearance space. 

Mr. Dean also says, “ Although the performance of the engine 
is remarkably good, the writer believes that it was realized in 
spite of great defects,” but how does Mr. Dean harmonize these 
apparently conflicting ideas? If this engine does remarkably well 
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in spite of grave defects, then let us study somewhat the nature 
of the alleged defects, to find out if such they really are. 

To define the Natick engine as simply as possible, it is a triple- 
expansion engine with the intermediate cylinder omitted, and with 
an intermediate receiver substituted therefor. 

The notion that the only effect of an enlarged intermediate 
reservoir between the first and third cylinders is to drain water out 
of the incoming steam and to heat the steam (in case a steam- 
jacket is used) is one which appears to have taken root in some 
minds, and I would like now to uproot it. That I may explain 
clearly what I mean, allow me to refer you to the combined 
diagram of the Louisville engine, Fig. 56 of Mr. Dean’s paper. 
It may be noted there that no drop occurs at the terminal of the 
high-pressure card. But what happens on the return stroke? 
The pressure falls rapidly to a point about in the centre of the 
back pressure, at least eleven pounds lower than the terminal 
pressure of the high-pressure diagram. Is this to be classed as 
“drop” or not? and does it increase the total range in tempera- 
ture in the high-pressure cylinder? While the bugbear, “ drop,” 
is variously defined, still, as it brings with it all the disadvan- 
tages of drop, in my view, it is “drop ;” it does tend to increase 
the temperature range in both cylinders. 

Now, we read the receiver volume was about seven-eighths of 
the high-pressure cylinder volume. What would be the effect on 
the back-pressure line of the high-pressure cylinder diagram if, 
instead, this volume were, say, three times or more the volume of 
the first cylinder? Would not the effect be to cause nearly all the 
“drops” to take place at the terminal of the high-pressure card ? 
It would cause a nearly straight back-pressure line in the high- 
pressure cylinder, at a pressure equal to the lowest pressure now 
occurring in the high-pressure cylinder. This would give no greater 
temperature range in the first cylinder, but it would, on the other 
hand, considerably reduce the range in the second cylinder. Nota 
pound of pressure would be sacrificed at cut-off in the second cylin- 
der; and the work done by the engine would be slightly increased, 
although, theoretically, there would be a slight loss of area at the 
toe of the high-pressure card of the combined diagram. 

I ask, would it not be a good thing to do, to lower the initial 
pressure and temperature in the low-pressure cylinder if unac- 
companied by any corresponding increase in temperature range 
in the high-pressure cylinder? But all this would be the result 

13 


- 
TAR 
ein 
aos 
» 
. 
= 


TRIALS OF A RECENT COMPOUND ENGINE. 


of increasing the size of the intermediate receiver, and it can be 
obtained in no other way. The mechanical advantage of not 
striking so heavy a blow on the large low-pressure piston is also 
considerable, though apart from the phase of the question which 
I would like to present. 

Now, in the test of the Natick engine the receiver pressure was 
carried relatively higher than I would desire it to be, owing to 
the fact that it was somewhat underloaded; but still the receiver 
volume is nearly or quite as large as that of the low-pressure 
cylinder, and so it has the effect of decreasing uniformly the back- 
pressure on the first cylinder, in this case fourteen pounds. Thus 
it makes the range in temperature in the large cylinder also 
much less, and—please mark this statement—thereby contributes 
to the economy of the engine as a whole. How does it do this? 
Let this question be answered by a consideration of the grounds 
upon which the “ well-known and fundamental theory of the 
desirability of equal ranges of temperature ” rests. 

This theory asserts that in each of the cylinders of a compound 
engine an equal amount of cylinder condensation will occur, pro- 
vided that the range in temperature in each is equal. Could any- 
thing be more erroneous on the face of it than that proposition ¢ 
What account does it take of the fact that the low-pressure 
cylinder of, say, the Louisville engine has four times the exposed 
area on its piston and cylinder-head faces that the high-pressure 
cylinder has? A moment’s consideration should show that a 
unit of area in either cylinder exposed to a degree difference 
in temperature will, other conditions being identical, condense an 
equal amount of steam, unless, indeed, there be some at present 
unknown dynamic influence upon the incoming steam tending to 
augment condensation. 

Thus it seems to “stand to reason” that in the case of the 
Natick engine, if the ranges in temperature were maintained equal 
in each cylinder, with a difference in piston areas of 7 to 1, there 
would constantly be many times the condensation occurring in 
the first cylinder occurring all the time in the second cylinder. 

It appears to me plain that the maximum efficiency of the 
entire engine is reached when there is an equality, not of tempera- 
ture ranges, but of amounts of cylinder condensation / the con- 
densation occurring in the first cylinder being just sufficient to 
take, after reévaporation at exhaust, the place of the condensation 
bound to occur in the succeeding cylinder. Thus, as Dr. Thurston 
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ae lai well said, the most wasteful cylinder in series is the measure 
of the loss from cylinder condensation; plainly, we can do no 
better than to make each cylinder equally wasteful by adjusting 
- the range in temperature in each cylinder so as to produce this 
result. 
There is but one way to secure an equality of condensation in 
- the two cylinders of the Natick engine, and that is, as I have just 
attempted to show, by employing a very large intermediate 
receiver. 
This will of necessity produce some drop at the terminal of the 
high-pressure card, whereas the intermediate cylinder would 
_ prevent it utterly. To the extent that “drop” is a net loss the 
use of an intermediate cylinder would be a gain, for I realize fully 
that part of this loss “cannot be recovered by any subsequent 
event.” +But after we have admitted this fact we are still no 
__wiser than before; we must arrive at some idea of the net extent 
of the loss by “drop,” that is, the net loss “after all the bills are 
_-paid,” to use a business man’s simile, and then, if we find it to be 
 serious—say, something over two or three per cent.—we can make 
use of the intermediate cylinder. 
Now, it is apparent from an inspection of the combined dia- 
grams (Fig. 56) that one loss due to making use of an inter- 
mediate cylinder is the loss due to wire-drawing in getting the 
steam out of the first cylinder and into the second. This of 
itself is a greater loss than the triangular area lost through order- 
ing the point of cut-off at a point on the entire expansion curve 
that is lower than the terminal pressure in high-pressure cylinder 
_—a fact which is the cause of the drop in the Natick engine. 
_ Then a certain, and relatively considerable, portion of the toe 
_ of the high-pressure diagram is so much lost work, owing to the 
_ fact that it is too little to overcome the friction of the engine, as 
_ has been pointed out by Professor Gale. 

My belief is that when such practical considerations as those 
just given are arrayed on the credit side of “ drop ”—and, be it 
understood, I here allude to a small degree of drop, say not over 
30 pounds—such as we can get along with where the expansions 
are sO many as in the Natick engine—the preponderance of 
power felt at the piston-rod will be found to be in favor of the 
two-cylinder rather than the three-cylinder engine, where pressures 
of 160, 170, or 180 pounds are to be obtained. 

I have dealt with the idea that the office of the receiver in the 
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Natick type of compound engine is to produce drop in pressure at 
the terminal of the high-pressure cylinder stroke; that there is 
practically no loss from “drop” in that engine; and that in any 
compound engine it is necessary to sustain, not an equality of 
temperature-ranges in the two cylinders, but an equality of conden- 
sations. I would now like to look at the question in another 
light, and will try to show that, leaving the low-pressure cylinder 
quite out of the account, there is still no greater loss from cylinder 
condensation in the Natick engine, even though the intermediate 
cylinder is not employed, than would be the case were it in use. 

Suppose the engine to have an intermediate cylinder of a 
diameter of, say, thirty or thirty-two inches; that is, give the 
engine what would be a standard intermediate cylinder. 

Suppose the three points of cut-off to be so adjusted as to give 
equal ranges of temperature in each cylinder. We would then 
have the kind of practice desired by Mr. Dean. 

The relative areas of the high and intermediate cylinders are to 
each other as 1 to 3, and the ranges in temperature are presup- 
posed equal. 

Now it seems to me that, in order to prove that the intermediate 
cylinder is an “ameliorator” of the loss in the entire engine due 
to.cylinder condensation, it must first be shown that less cylinder 
condensation, by a considerable amount, gets by the intermediate 

_ piston without doing work in that cylinder as steam than would 
escape from the high-pressure cylinder, were it to be subjected to 
twice the range in temperature happening when both cylinders 
‘are in use, by the instrumentality of an enlarged receiver. Per- 
haps it is unnecessary to take time to show that the effect of either 
the intermediate cylinder or of the large receiver upon the condi- 
tions under which the low-pressure cylinder takes its steam is 
identical in either case, so that, as I have said, that cylinder may 
_be left out of account, in calculating the deleterious effects on the 
economy of the engine by reason of leaving out the intermediate 
-eylinder. The question, therefore, is: “ Does more condensation 
and reévaporation take place in the high-pressure cylinder— 
having twice the temperature-range and one-third the area of the 
_ intermediate cylinder—than takes place in the intermediate cylin- 
der, if used?” To ask this question is also to answer it, I think, 
in the negative, in the light of what has been said above. 
_ To return to the author’s indictment, that the Natick engine 
labors under great defects; I have mentioned that many of the 
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ea defects, such as defective jacket circulation and defects of that 
order, are of themselves a sufficient cause of the difference in 
economy actually observed between the two engines; I agree 
fully with him in the abstract proposition that the highest econ- 
omy to be realized in the perfect engine—that is, in one having 
non-condensing cylinder surfaces and frictionless parts—is to result 
from the combined influence of two conditions—using a volume 
of steam at the highest possible pressure, expanded the utmost 
number of times. 

The Natick engine is the embodiment of this principle, so far as 
the principle can be embodied. It uses steam of a higher pressure 
than does any other compound mill engine of which I have any 
knowledge. 

It expands a volume of it sixty per cent. more times than the ratio 
of expansion in the Leavitt engine—the ratio being 1 to 33 for the 
Natick engine and 1 to 21 for the Leavitt engine. If the Leavitt 
low-pressure cylinder had been fifty per cent. larger it would have 
enabled the expansions to be on a par with the ratio in the Natick 
engine; but the increase in economy would only result, I venture 
to predict, if an enlarged receiver were also used. 

But as to the size of the receiver and the volume-ratio in the 
Natick engine being great defects in its design, I confess, for 
reasons stated, I cannot see it quite yet in that light, and mistrust 
I shall never be able to see it so, unless I am given more informa- 
tion of a kind contrary to that now in my possession. 

There is one other minor and Jast aspect of the matter that I 
might bring briefiy to your attention by quoting the trite saying: 
“One swallow does not make asummer.” This Louisville engine 
has not only broken all previous records, it has left them out of 
sight; they are not even in the race at all. 

Note the performance of the Pawtucket compound pumping 
engine; note that of the great Allis tandem compound at the 
Plymouth Cordage Works—fifteen or twenty per cent. less econo- 
mical, though under fully as good conditions. Note that of the 
triple-expansion Laketon pumping engine, working with steam at 
one hundred and fifty pounds, and yet fifteen per cent. less eco- 
nomical. Note that of the European triple-expansion mill engine, 
the Sulzer Corliss, of large size and splendid design, yet out- 
distanced by this Louisville compound six per cent. In such com- 
pany I confess I believe the performance of the Natick engine— 
improved upon by itself, as it doubtless could be, several per cent. _ 
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—is not unsatisfactory enough to warrant an impeachment of its 
design, especially when four other engines of the same type have 
all given equally good or better accounts of themselves ; whereas 
we cannot, with certainty, get a plain compound Corliss ml 
engine to do as well as fourteen pounds, try as we will. 

Dr. Chas. E. Emery.—\t is known by many present that several 
of the problems under discussion were examined by me about twenty 
years ago. The lessons then learned have not lost their force in 
many respects. The later engineers have had an opportunity 
of experimenting with higher steam pressures and more perfect 
mechanism, and have obtained much more economical results; 
but it is a question if such results are not due entirely to these 
two features. I class reduced clearance with more perfect 
mechanism, for the reason that the mechanical details of the 
engines were substantially the same then as now. There is a 
tendency, however, to theorize, as to features other than those 
mentioned, and we are fast reaching a condition of ultra theory 
and ultra expansion, like that developed for the older type of 
engines during the war, when the Winooski and Algonquin ran 
their celebrated dock race here in the city of New York. It will 
be recollected that on the last-named vessel 15 to 20 expansions 
were attempted in a single cylinder with 80 pounds steam 
pressure, while, in the other vessel, designed by Mr. Isherwood, 
45 pounds steam pressure was used, cut-off at about ;5; of the 
stroke, but with a valve moving so slowly that the virtual cut-off 
was at about 74. The low-pressure steam machinery pulled more 
steadily than the other, used /ess steam per horse-power, and did 
not break down, whereas that using the high pressure did. This 
showed that there was more to the question than mere theory. 
In one case the expansion was carried to an extreme unwarranted 
by the conditions, so that the more simple machinery, with less 
expansion than was warranted, gave the better result. History 
repeats itself; and very similar results are coming to light in 
relation to triple compound engines compared with compound 
engines, which show it is time to call a halt and ascertain 
what points have been actually settled by previous practice. In 
discussing Mr. Webber’s paper * I called attention to the very low 
mean pressure in the large cylinder, and made the statement that 
the work done in the intermediate cylinder could have been 


* Transactions A. 8. M. E., Vol. XVI., p. 55. 
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transferred to the larger cylinder, and greater economy thereby 
| ie secured in that cylinder. It follows that, even if the gain in the 

_ low-pressure cylinder was balanced by a corresponding loss in 
the high-pressure cylinder, the economy of the simpler compound 
engine would still be as great as that of the triple compound. I 

- was very much surprised to hear the statement, in Mr. Rock- 
wood’s discussion of the present paper, that he would have 


fea preferred to have the engine which he designed operate with as 


- low a mean pressure in the low-pressure cylinder as I had 


 eriticised. We ought by this time to know all about the results 


with low-pressure steam, as very many experiments have been 


mn a made with it. Mr. Isherwood’s books are full of such experi- 
ments. Those made on the Michigan, at Erie, Pa., settled many 


of the questions, though others are equally applicable, more 

i particularly those with which the speaker was connected, known 
as the “ Novelty Iron Works Experiments,” of which a table has 

been published, without explanations, in Appleton’s Cyclopedia 
of Mechanics, and Vol. II., American edition, of Weisbach’s 
_ Mechanics. The general result is well known. Engines using 

15 pounds of steam were more economical than those using 5 to 
10 pounds ; 25 pounds pressure was found still more economical, 
and 40 pounds more economical yet. The last-named pressure 
is at present out of the question for the large cylinder of a com- 
pound engine. In fact, there would be some gain by compound- 
ing with such pressure, but in regard to using steam at a pressure 

_ below that of the atmosphere, and at 10 or 15 pounds above it, 
there is no question whatever; the latter is much more econom- 
ical. The terminal pressure in a low-pressure cylinder should be 
_ high enough to insure thorough drainage by the sudden expan- 
_ sion during the exhaust, the gain in this way being greater than 
_ the loss caused by reducing the expansion in such cylinder. In 
the design of modern compound and triple compound engines we 
should start with the maximum already obtainable with a low- 
pressure cylinder ; that is, do as much work therein as has proved 
economical in low-pressure practice, then obtain as much work 
with the steam above that pressure as is practicable. The result 
will be that more work will be done in the low-pressure cylinder 
than in the high-pressure, as is, indeed, shown by the tests of the 
Leavitt engine, now under discussion. This does no harm. We 
have simply to provide for it in the design, even if two low- 
pressure cylinders are used, as in some forms of compound engine. 
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I wish to thank Mr. Rockwood for the very earnest work he 
has done in developing this question of compound vs. triple com- 
pound engines, though I do not think he is right in making such 
an extremely large ratio of capacity between the high and low- 
pressure cylinders. It is also a source of gratification that even 
better economical results have been obtained with a Leavitt 
compound engine, and as the latter result was secured with a less 
number of expansions, and with a larger proportion of the work 
done in the large cylinder, it indicates the correctness of the 
principles above stated. 

The general conclusion appears to be that we cannot as yet 
carry the steam pressure high enough to make the triple com- 
pound engine of value in a commercial sense. It is true that the 
best triple compound engines have given a little better results 
than the best compound engines, but fairly large percentages of 
gain are for such economical engines very small quantities, and are 
easily wiped out by very trifling derangements, such as small 
leaks, want of care with jackets, etc., and are readily balanced by 
other items of cost, such, for instance, as a little higher wages of 
the engineer or the greater interest due to increased first cost. 
The coal is only one of the several items of cost in operating a 
steam-engine, and all must be considered in making a commercial 
balance. 

In making these remarks I wish to encourage rather than 
hinder any attempts to obtain the very best results possible. The 
chairman will realize that the anthracite supply is limited and 
that that kind of coal will appreciate in price,so the very extreme 
economies will be valuable in the future, even if not warranted by 
commercial considerations in the present. 

This discussion of compound vs. triple compound engine will be 
more valuable than seems at first sight. I-have already called the 
attention of the American Society of Naval Engineers to the 
subject, with a view of saving the weight and to some extent 
the space occupied by the intermediate cylinder on board ship. 
There the elements of space and displacement are of the greatest 
importance, and, moreover, the full power runs are comparatively 
so short that some economy can be sacrificed under such circum- 
stances, if economical results are obtainable at ordinary cruising 

speeds. It is true that the three-crank system of the triple com- 
pound engine is a desirable feature in producing smoothness of 
=” . sacrificed if a return be made to 
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~ compound engines, as two of the cylinders can be low-pressure 
cylinders, as was, indeed, a common practice when lower steam 
pressures were employed. The system of doing more work in 
the larger cylinders, previously recommended, aids in the solution 
of this problem, though doubtless there will be some difficulty in 
distributing the load equally to the three cylinders. The system 
adapts itself very well to the conditions of varying loads obtaining 
on board ship, and I have no doubt that in due time valuable 
developments will be made in this direction. 

Mr. William Kent.—I think that in years to come engineers 
will read with great pleasure this paper of Mr. Dean’s and the 
discussion by Mr. Rockwood, supplemented by D. Emery’s 
discussion. As the matter stands now we can say we have 
learned that the Leavitt engine, according to Mr. Dean, is about 
five per cent. superior in economy to the Natick engine, and 
according to Mr. Rockwood, if we make the proper allowances, 
the Natick engine is eight per cent. better than the Louisville 
engine. Add these figures together and divide them by two and 
we have the two engines very nearly alike. Mr. Rockwood 
mentioned in his remarks the Pawtucket engine, and it was also 
in my own mind at the time, as to what is the cause of the differ- 
ence in economy between the Louisville engine and the Pawtucket 
engine. The Pawtucket engine had 16 expansions as against 
20 in the Louisville and 33 in the Rockwood engine. The Paw- 
tucket engine had 120 pounds of steam pressure as against 151 
in the Louisville and 175 in the Natick engine. The Louisville 
engine had high vacuum as compared with the Pawtucket. The 
Pawtucket engine had only 240 for piston speed as compared 
with 371 for the Louisville and 611 for the Natick. It is probable 
that if the Pawtucket engine had been given 150 or 175 pounds 
pressure of steam, and if the expansions had been 20 or 33 instead 
of 16, it would have shown a better result. So that the Paw- 
tucket engine might stand pretty near the top if you would only 
give it the advantage these other engines had in steam pressure 
and expansion and piston speed. We cannot make a satisfactory 
comparison between the Natick and the Louisville engines, because 
the conditions are so different. The Louisville engine had 20 
expansions. Was that the best practice for that particular engine? 
The Natick engine had 33. Was that the best expansion for that 
particular engine? The steam pressure of the Natick engine was 
175 against 150 in the Louisville engine. Were these pressures 
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the best for those particular engines? Of course, the vacuum in 
the Louisville engine was best, at all events, and the Natick engine 
would, no doubt, have been glad to get such a vacuum. But I say 
we cannot satisfactorily determine which is the best form of these 
two engines until they are both tested with the same steam press- 
ure and vacuum, and until each engine is tested with varying 
expansions, until they find the expansion best suited for that 
particular engine. 

In regard to D. Emery’s remarks, he makes a point about the 
compound vs. the triple-expansion engine for marine practice. 
It is strange that, about 1882, the very engine he speaks of, the 
compound engine with three cylinders, was the favorite engine, 
and it has paid since that to take these out of the ships and substi- 
tute the triple-expansion at great cost, a great economy resulting 
from the change, although I admit that putting in boilers of higher 
steam pressure might have been largely the cause of the economy. 
We cannot determine that, however, because we have not had a 
trial of that particular form of compound engines with high press- 
ure and with moderate pressure steam. We do not know to-day 
what that engine might have been capable of doing with steam of 
one hundred and seventy-five pounds pressure, because it never 
was tried. 

— Mr. R. S. Hale—I should like to ask Mr. Dean what was the 
slip of the engine, as determined by weir measurement. Last 
summer Mr. Brackett spoke to me of something like seven per 
cent., and if it was as much as that, would it not change consider- 
ably the friction of the engine and the duties, as figured, of the 
plunger displacement ? 

— Mr. Platt—I would like to ask for some information with 
reference to the boiler practice at this mill engine test. The con- 
trast between the two tests of five hours and one hundred and 
forty-four hours, without any explanation with reference to the 


boiler practice, seems to me to leave something lacking. 


Mr. Dean.—The tests of these engines as they are reported were 
_ simply a feed-water test, and the water in the boilers was at the 


és same height at the end of the test as at the beginning, and the 
steam pressure was the same. That, with a little experience, can 


always be brought about. 


- -‘That part of the test of the Louisville engine referred to by 


Mr. Hale was not touched upon by me in this paper, for the reason 


that I felt more interested in the steam performance than in any 
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other part, and thought probably other people would also. The 
slip of the Louisville engine is remarkably large. It was so large 
that it took us some two or three days to try to find out the rea- 
son, and it averaged about 6.8 per cent. We determined the data 
for every day. In fact, we made six different consecutive tests ; 
that is to say, as I just stated, we determined the data each day 
separately, and it came always about 6.8 slip. We were somewhat 
suspicious of our weir. But all of our suspicions, so far as we were 
able to see, proved to be groundless. We several times stopped 
the engine, and shut valves in the main, and noted the flow of the 
water in the chamber at the weir, and we also did that when the 
valves were not shut, so that it all came on the pump-valves. At 
such times the flow of water was about one per cent. of the amount 
of the plunger displacement. The only way that we can account 
for this unusual slip is this—that the pump-valves were metallic 
valves seating on metallic seats, and the Ohio River water carries 
considerable sand in it, and those valves in a short time scored 
themselves out more or less, and valves which were taken out 
seemed to be gouged out as it were on one side, and not all the 
way around. But, of course, we can hardly imagine a pump-valve 
seating squarely. There is a spring, as a general thing, to press it 
down, and that spring will probably carry down one side a little 
quicker than it does the other, and of course all pump-valves 
must be loosely fitted so that they will be free to move under all 
conditions. It looked as if the valve in general struck on the 
edge and gouged the seat out, so that we thought that probably 
a good deal of the slip was to be accounted for in that way; and 
in listening to the pumps, putting one’s ear right against the pump 
chambers, there was a sound which did indicate that there was 
water going through somewhere—it was rather difficult to tell 
where—at the time when the water was being forced up into the 
main. But I do not know that I can throw any additional light 
on that subject. The whole matter was an astonishment to all of 
us, and we used a good deal of time to try to find out what the 
trouble was. That, however, would not, as Mr. Hale suggests, 
affect the friction of the engine. 

Now that I am on my feet I will speak of some other interest- 
ing things which were done with that engine, and which are not 
mentioned in the paper. The result was so unusual that I thought 
I would go to rather unusual pains to corroborate it, and in the 
report—I have forgotten whether I stated it in this paper or not 
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—but in the report of the test it is mentioned that the condensa- 
tion in the jacket was determined by passing it through a Worth- 
ington meter, which meter worked with remarkable steadiness. 
It always showed about twenty-five cubic units per hour ; whether 
you took the data on the first day, or third day, or last day, it 
was just the same. Immediately after the trial I calibrated that 
meter for some three hours. I was hardly content, however, with 
that calibration, and after I got home I wrote to the chief engi- 
neer of the water-works to ask him to determine that condensa- 
tion for me by actually weighing the jacket condensation, and also 
to run another test of twenty-four hours’ duration ; and I will say 
here that Mr. Hermany had a very competent chief assistant, who 
helped me in this test and in whom I had the utmost confidence. 
He fully appreciated the necessities of the case. Persons who 
have read the account of the test in the report will remember that 
the amount of water by the feed-pump was determined by com- 
puting it from the rise of temperature of the water before it was 
heated by this pump exhaust, and after. But in this supplement- 
ary test which I asked Mr. Hermany to make, the exhaust was 
turned out of doors, and the feed-pump was run by the donkey 
boiler, and the jacket water was actually weighed throughout the 
twenty-four hours, and the separator condensation also. This jacket 
condensation differed from that which I had determined by .06 of 
one per cent. The head of water on the pump was almost iden- 
tical, the revolutions were just the same, and the indicated horse- 
power figured out precisely the same as on the official test. On 
each of the six days of the test the amount of feed-water used 
by the engine was 187,000 pounds, almost without exception. It 
differed only a small number of pounds. The greatest difference 
that we found from my results was the separator condensation 
for the twenty-four hours. I made it 3,900 pounds in twenty-four 
hours, and he made it 2,800. There was a difference, you see, 
somewhere about one-half of one per cent. of the total feed. We 
are dealing with such large quantities that it is of no importance. 
He also ascertained for me the two jacket condensations sepa- 
rately, and the re-heater condensation separately, but simultane- 
ously. Allof the data which are given in my report have been so 
thoroughly corroborated and reproduced day after day on that 
test that they are singularly to be relied upon. 

* Replying to Mr. Ball, as to the effect of compression on 
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economy, the experiments to which he refers as having been car- 


ried out by Professor Jacobus were made on a relatively low-grade 


engine. By that I mean a single-valve engine with large clear- 
ances. Results from such an engine, I believe, are little or no 
guide in determining practice with high-grade engines. By high- 
- grade engines I mean four-valve engines with small clearances. 
- With low-grade engines some thermo-dynamic phenomenon with 
high compression may creep in which overpowers others. In the 
high-grade engine there is less room for erratic phenomena, and 
- we can work more closely to our theories and obtain correspond- 
ing results. The Leavitt engine is worked out in detail close to 
the theories, and the results are given in my paper. 

Mr. Ball’s arguments do not appeal to me, either with reference 
_ to compression or to drop. 
With reference to drop, I will simply say that the modern 
- engine is made to use steam expansively. It may be done in one 


rr cylinder, but it has been found that it is much more economical to 


divide it up into steps, each cylinder performing a step. Why 
should not one step begin where the preceding one leaves off? I 
confess that I never have been able to see. 


As I understand it, Mr. Ball claims advantage in drop, because 
it superheats the steam. If we assume steam of 45 pounds abso- 
lute to drop to 25 absolute, and thus to drop 20 pounds, the super- 


1165.6 — 1155.1 
0.48 
however, exist, for the released heat would find itself in wet steam, 

and therefore the supposed benefit is all but nd. 

The amount of heat added to a pound of steam of the lower 
pressure would be 1165.6 — 1155.1 = 10.5 B. T. U., or » of 1 per 
cent., and this, in turn, would dry out 10.5 + 922 = 0.013, or 14,45 
per cent. of moisture in the steam, the benefit of which is un- 
known, but small. In order to secure this small benefit Mr. Ball 
would lose expansive energy of the steam, the value of which is 
exactly known, and is represented by 1 + hyp. log. $3 = 1 + hyp. 
log. 1.8 = 1.5878 per pound of steam. I prefer to get this work 
out of the steam, especially when its quality is restored by a re- 
heater. 

Replying to Mr. Rockwood, I think it is not unreasonable to 
suppose that the whole engine at Natick was built in accordance 
with the Rockwood system, and therefore to be criticised as such. 
I am somewhat in sympathy with Mr. Ball in not understanding 


heat will be 


= 21.87°. This superheat would not, 
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what the Rockwood system is. If it is a ratio of 7 to 1 it is sel- 
dom made by him, and has in a general way been put into Eng- 
lish steamships several years since. As for tests of triple engines 
with the intermediate cylinder cut out, the columns of Engineer- 
ing contain the results of tests which are disastrous to the cut-out. 

Mr. Rockwood states that the steam-pipe leaked at the joints 
at Natick. This is not true, except at a slip expansion joint, and 
the amount was so slight as to make ho perceptible difference in 
the result. 

The shortness of the tests of the Natick engine are unfavorable 
to it compared with the Louisville. 

I agree with Mr. Rockwood that, so far as I know, the ad- 
vantage of high piston speed is mythical, and cuts but little figure 
in the comparison made by me. 

The probable greater economy which would be due to a better 
vacuum with the Natick engine was estimated by me by ascer- 
taining how much more area would have been given to the low- 
pressure indicator diagram thereby, and the resultant increase 
in work done by the steam. 

Mr. Rockwood entirely misinterprets the sag in the exhaust line 
of the high-pressure indicator diagram of the Leavitt engine, except 
that it increases the range of temperature in that cylinder. He, 
however, makes no allowance for the fact that this increase in 
range is corrected by the rise in pressure in the receiver and high- 
pressure cylinder after the closure of the low-pressure inlet valve. 
This correction is intentional, both to avoid drop in pressure and 
net drop in temperature. 

To make myself understood with reference to drop I will define 
it. In general, drop is a fall in pressure between the end of ex- 
pansion in one cylinder and the beginning of expansion in the 
next, and, specifically, in a tandem or Leavitt engine, it is the fall 
in pressure between the terminal pressure in one cylinder and the 
initial pressure in the next. The only unavoidable drop in such 
engines is due to the work of moving steam from one cylinder to 
the other. In the Leavitt engine, expansion in the second cylin- 
der begins with the beginning of the movement of the piston 
from the end of the stroke, and no fall in pressure can occur 
until piston movement begins; while drop is unresisted expansion, 
or fall of pressure without piston movement and without doing 
work, and is therefore a dead loss, except in so far as the heat 
released ees some superheating. It must not be overlooked 
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that true expansion takes place with the whole stroke of the 
Leavitt low-pressure piston, only that the law changes after low- 
pressure cut-off. 

Mr. Rockwood is wholly wrong in supposing that a larger 
receiver would produce drop in the release end of the high- 
pressure diagram. This has nothing whatever to do with it, as 
a drop, or its absence, will be determined by the low-pressure 
point of cut-off in either a tandem, Leavitt, or cross-compound 
engine. If valves are properly set in either of these types of 
engine, and the cut-offs of all but the first cylinder are not 
affected by the governor, and a permanent régime has been 
established, neither will ever produce drop or loops in the indi- 
cator diagrams, except the always unavoidable drop above men- 
tioned, and which increases with speed. This is furthermore 
entirely independent of the receiver volume, or point of cut-off in 
the high-pressure cylinder. The large receiver will diminish the 
temperature range in the high-pressure diagram, and is so far 
beneficial unless the correction above referred to is wholly 
effective. It will, however, not affect the range of temperature 
in the low-pressure cylinder, as Mr. Rockwood claims, because the 
initial and back pressures in this cylinder are not affected by the 
receiver. 

My understanding of the effect of equal ranges of temperature 
in cylinders is not, as Mr. Rockwood says, that “an equal amount 
of cylinder condensation will occur,’ but that a minimum total 
condensation will occur, Although I cannot now give an absolute 
proof of this, I am satisfied to hold this view for the present. 
The theory that Mr. Rockwood tenaciously advances, viz., that 
equal range takes no account of the amount of cylinder surface, 
and that the large cylinder would necessarily condense much 
more than the small, is inconsistent with facts, for we know that 
in every engine the condensation is greatest in the small cylinder. 

Finally, after all has been said and written, the fact remains 
that an engine with a cylinder ratio of 4 to 1 has surpassed in 


‘economy an engine with 7 to 1, carrying a higher steam pressure. 
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STRESSES IN THE RIMS AND RIM-JOINTS OF PUL- 


LEYS AND FLY-WHEELS. 


‘dak BY GAETANO LANZA, BOSTON, MASS. may Doze 
(Member of the Society.) fax 


te November, 1892, a paper upon this subject i ents, 
to the Society by Mr. James B. Stanwood, in the discussion of 
which I called attention to certain stresses in the joints of built- 
up fly-wheels, which are very commonly disregarded by builders 
of engines, and which Mr. Stanwood had not mentioned. + 

In December, 1893, Mr. Stanwood presented another paper on 
the subject, in the discussion of which I was unable to take 
part. 

Both of his papers, and also my discussion, were avowedly 
partial, and only pretended to take into consideration certain 
ones of the existing stresses, while certain assumptions were 
made in his papers which were claimed as probable, but of which 
no proof was attempted. 

While it is impossible, without first ascertaining certain facts, 
by means of a line of experimental investigation which has never 
been pursued, to make an exhaustive treatment of the subject, 
nevertheless, in the present paper, I shall attempt, as far as I 
can, to point out the causes of stresses, and to explain how to 
calculate those due to the action of centrifugal force. More- 
over, while I shall refer to the two papers of Mr. Stanwood, and 
to my discussion on the first one, I shall, for the sake of clear- 
ness and consecutiveness, write this as an independent paper, 
beginning ab ‘initio. 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the 7rans- 
actions. 

+ Transactions of the American Society of Mechanical Engineers, Vol. XV., 
p. 251; No. 515. 

t Transactions of the American Socicty of Mechanical Engineers, Vol. XV., 
p. 147; No. 565. 
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STRESSES IN THE RIMS, ETC., OF PULLEYS AND FLY-WHEELS. 
The subject may properly be divided as follows: 
1. What are the stresses in the rim and the rim-joints due 

solely to the action of centrifugal force on the wheel itself? 

2. What are the stresses in the arms due to the same cause? 
3. What are the stresses in the arms due to the pull of the 
belt or ropes, or to the pressure of the teeth of the gears when 
driving, as well as the inertia of the wheel in starting or stop- 


ping suddenly? 
_ 4 ‘What are the stresses in the rim and rim-joints due to the 
game causes ? 
: ais This paper will deal at length with 1 and 2, or, in other 


words, with the stresses due to centrifugal force only. At the 
close of the paper, however, I shall cite a few experiments and 
make a few remarks bearing upon the stresses mentioned in 3 
and 4, as they are doubtless of great importance, and probably 
considerable in amount in most cases. Confining ourselves, 
therefore, to a study of the stresses due to centrifugal force, we 
note the following two cases : 
1. When the pulley is cast in one piece. 
Sane 2. When it is cast in sections united by bolts or other fasten- 
ings. 
The first case does not include the largest wheels, for, it being 
impracticable to cast them whole, they are always cast in sec- 
tions and bolted together. However, the considerations that 
affect the pulleys cast in one piece affect also those made in sec- 
tions, though other stresses also come into play. We will, there- 
fore, begin with a discussion of the first case, or of pulleys cast 
in one piece; and in regard to these we must observe that, were 
there no force exerted by the arms on the rim, then the only 
stress to which the rim would be subjected would be what is 
called the centrifugal tension ; ‘. e., that due to the centrifugal 
force of the rim, independently of any effect produced by its con- 
nection with the arms. This centrifugal tension is the one and => 
only stress commonly taken into account by the designers of __ 
pulleys or fly-wheels, whether solid or made in sections. 
The stresses actually existing in the rim are, however (in 
case 1): 
1. A direct tensile stress, which is a portion only of the cen- 
trifugal tension. ; 
2. Stresses due to the bending of the portion of the rim be- __ 
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To explain the matter more fully, we may observe that the 
amount of the bending stresses depends upon the amount that 
the arms stretch. If they did not stretch at all, there would be 
only bending in the rim, and no direct tension. In order to 
have no bending, it would be necessary that the arms should — 
stretch (in this case due to their own centrifugal force only) 
enough to allow the rim to assume a circular form larger than 
its original size by an amount corresponding to the entire cen- 
trifugal tension. When the stretch of the arms is less than this, 
the rim is confined at the points of junction with the arms, and 
hence arises bending. 

Mr. Stanwood assumes that the stretch of the arms is such as 
to render the stresses due to bending one-half what they would 
be if the arms did not stretch at all. That this assumption is 
seldom correct will, I think, be evident before the end of the — 
present paper is reached. A discussion of case 1 is contained — 
in Unwin’s Machine Design, the first portion of which is correct, 
while in the last part he makes certain so-called approximations 
which lead to incorrect results in many practical cases. I will, 
however, give here what seems to me to be a simpler demon- 
stration of the first portion, and will then continue with a cor- 
rected form of the last part. Of course, all this involves a lot 
of mathematical work, mostly algebra and trigonometry, but the 
reader who wishes to accept the results without examination can 
omit all between page 212, line 15, and page 214, line 2 from 
bottom. 
tin 


7.) 


I shall adopt, in the main, Unwin’s notation, and will begin by 


defining the letters used. 
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Let adbe (Fig. 61) represent the portion of the rim between two 
consecutive arms Oa and Oc. 
Let 
a = angle aOb = angle bOc = one-half the angle between 
two consecutive arms. 
y = variable angle aO0d = twice angle aVe, so that aVe = 
eOd. 

; R= Oa= distance from centre of hub to centre of rim in 
feet. wal. 
v = linear velocity (in feet) of centre of rim per second. 

A = area (in square feet) of cross section of rim. 

G = weight of the metal in pounds per cubic foot. ath as 
g = 32.16 feet per second. 

F = pull exerted by each arm on the rim, so that the shear- 


ing force in the rim close to the arm = 


‘ S = shearing force in rim at variable point d where angle 

T,= direct tension in rim in tangential direction just over 
the arm. 
: T = direct tension in rim in tangential direction at variable 
point d where angle a0d = ¢. 
M = bending moment in rim in foot pounds at variable point 
angle aOd = ¢. 
M, = bending moment in rim in foot pounds at its junction 


with the arms. 

G 2 f 

K=F-+}4 or convenience. of oun ‘of 


distance (in feet) from centre of hub to outer end of 


radius of hub in feet. 
e moment of inertia of cross section of rim about neutral 
axis, units being pounds and feet. aging 
y, = distance from neutral axis of rim to inside. AFD 
y, = distance from neutral axis of rim to outside. 
o, = stress at inside of rim due to bending only (in pounds 
per square foot). 
o, = stress at outside of rim due to bending only (in pounds 
per square foot). 
Pp: = stress (in pounds per square foot) at inside of rim. E 
p; = stress (in pounds per square foot) at outside of rim. 
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£, = modulus of elasticity of cast-iron in pounds per square 
foot. 
E= modulus of elasticity of cast-iron in pounds per square 
inch. 
A, = area of cross section of arm in square feet, when the 
arm is of uniform section throughout. 
4k = elongation of arm due to the action of centrifugal 
force (in 
S; = > = shearing force just next to the arm. 
= nt = shearing force half way between two consecutive 
arms. 
_ YI, = direct tension half way between two consecutive arms. 
_ M,= bending moment half way between two consecutive 
arms. 
Consider the forces acting on a portion ad of the rim, where 
the angle aod = @ (variable). 
These forces are the following, viz. : 

1. The centrifugal force acting on this part of the rim, the 
resultant of which acts along the line Oe outwards and equals 


- 9. The direct tension 7, acting at @ in a direction tangent to 
the are ad towards the right. 


3. The direct: tension 7’ (variable) acting at d, in a direction — ; 


tangent to the are ad towards the left. 

4. The shearing force a acting just to the left of a in the 
direction a0. 

5. The shearing force S (variable) acting at d in the direction 
do. 

6. The bending moment /, at a. 

7. The bending moment YU (variable) at d. 

Resolving forces along the directions Qe and ad, and imposing 
the conditions of equilibrium, we have : 


2 sin. jg — 7'sin.4p — 7, sin. $p 


— S cos. 1p — 4, cos. tp=0 (1) 


Wisk 
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— Ssin. + sin. }p = 0 


2 


in. p — 2 TR sin? sin. 19) 


In (3) the signs are so chosen that the bending moment is 

_ positive when the bending tends to make the rim concave out- 
wards. 
When = 2a, either (1) or (3) gives 


Substituting this value of 7’, in (1) and (2), and solving for 8 


sin. @ 
G F cos.(a — 
hos 
de FR _ cos. (a — 
4 
To find M/, observe that when p = a, the slope is zero. 
Hence Mdp = 0; hence substituting the value of from 


(7) integrating, and solving for J/,, we have 


4 and substituting in (7), we have the 


M = (9) 


FR 1 __ Cos. (a — 9) wart 


a sin. @ 
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Equations (5), (6), an give the values of the shearing force, =~ 
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direct tension, and bending moment respectively, at the variable 
point d, where aOd = ¢. 
> te On the other hand, when g = 0 or 9 = 2a, we have 


ina Moreover, when p=a, sald 12, 


7 


cosec. a; M_= - cosec. 


Thene equations are all identical with those given by Profes- 
sor Unwin. They give the shearing force, direct tension, and 
bending moment, at any point, in terms of F, the force exerted 
by each arm on the rim. Hence, it is necessary to determine 
F, so as to substitute its value in the above equations. 

To do this in the case of arms, of which the section varies, would 
lead to great complexity ; hence the only case considered here 
will be that of arms of uniform section throughout; though it 
seems to me evident that the results will apply with a reasonable 
degree of accuracy to cases where the variation of section is not 
great, and where the average section is the same as that of the 
uniform arm considered. In cases where the variation of section 
is great, and great accuracy is desired, it will be necessary to 
make the complex calculation. Let C, = centrifugal force of the 
portion of the arm between the rim and the end of a variable 
radius p, then we shall have 


(10) 


is en the total stretch of the arm due to the entire force acting on 
it, is 


| 


This reduces to 


4 
fer) x 
i 
4 
G 1 ) 
qd 
* 
if 
7; 
0 
wae 
= 
R= R? Ez. (7; £7 $12 ) + ° (11) 
; 


Moreover, the total stretch of the portion also of the rim is 
that due to the tension 7’, and hence > we have 5 
| 2a Fi ; hence, 


T; — Vo 


R 


R 
1 


tis 

Professor Unwin, by assuming that a sufficiently close ap- 


_ proximation will be made by considering the arms to extend 
from the centre of the shaft to the rim, or 7, = R#, r, = 0, ob- 


(15) 


which is not a sufficiently close approximation for ordinary 
cases, as will be shown later. As a summary of the equations 
_ deduced we have the following, viz. : 


F sin. (a — 9) 


2 
2 sin. @ 
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F cos. (a — 9) 


2 sin. w (17) 


2 a sin. a 


(19) 


4+") cot. a (25) 


K Ry. R 1 


R R 


* Gye r= gq A 

Ga 

M 

ae G F 

T,= — Av’ — jcot.a 

g 2 

= 
3 | | 
A. — (cosee a— — 24) 
and if we write / = (4 we shall obtain 
— 7 
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It may be of interest, in any special case, to compute the 
valuesof the direct tension per square inch, and of the stress 
due to bending separately. If 'this is desired, the following are 
the formulz to be used : 


6, = Fy (3 — cot. «) 


& 
‘ = M,y, K Ry, 


__The method given above will now be applied to the case of — 
_ 48-inch pulley with the rim section shown in Fig. 62, the out- 


Fie. 62. 


side diameter of which is 48 inches, and the section of each of 
its six arms an ellipse, x 14”. 


then have 


_ 8.031 _ 3.240 
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and let v = 88 feet per second (. ¢., one mile per minute). Using 
these data we obtain from equation (14) 


a= 0.813 ; whereas equation (15) would give 


Using the former, which is, of course, the most correct, we 
obtain 


= 575 lbs. per square inch. 


=65,060 « 
, = 5,635 66 rT 


625 lbs. per square inch. 


= 3,621 
= 4,246 « “ 


Hence, it is plain that Professor Unwin’s formula for the 


value of = is too inexact touse. If now we compute these quan- 


tities by Mr. Stanwood’s method ; 7. e., by taking for 7, the en- 
tire centrifugal tension, and for o, one-half the outside fibre 
stress that would arise in the portion of the rim between two 
consecutive arms, if this were in the condition of a beam fixed 
in direction at the ends and uniformly loaded, we should find 


752 lbs. per square inch. 


10,360 


Hence, it is plain that Mr. Stanwood’s assumption is very far 
from being applicable to this (an ordinary) case, this assump- 
tion being that the stretch of the arms is one-half that corre- 
sponding to the stretch that would arise in ” — the 
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Moreover, if we compute > value of 4R in this case, using, 


of course, the first value i= —, viz., 0.813, and assuming for mod- 


A 
ulus of elasticity of cast-iron H = 17,000,000 lbs. per square = 


But the stretch of the rim due to centrifugal tension only 
t 
—_ the corresponding stretch of the arm would be te 
0.00078 vow aol 
of the stretch that would correspond to the stretch the rim 
would have in consequence of centrifugal tension only, and not 
one-half, as Mr. Stanwood assumes. I will add that 5,635 pounds 
_ per square inch seems to me to be too highra fibre stress for cast- 
iron, and hence, that if it were to be run so fast that v would be 
equal to 88 feet per second, it ought to be made stronger. On the 
other hand, it would be amply strong if it were run at such a 
epeed that v = 62 feet per second, for then we should find 


Hence, the stretch of the arm is, in this case, 


The above completes what I have to say in the case of solid 
pulleys; and we come now to the more important matter of the 


iti STRESSES IN THE RIM-JOINTS OF FLY-BAND ‘WHEELS. 


Tn my discussion of Mr. Stanwood’s first paper (see A. S. M. EB 
Trans., Vol. XTV., page 261, et seq.) what I said upon the subject => 
was, of course, incomplete in that the bending moment due to the 
centrifugal force was not taken into consideration. and 
In his second paper Mr. Stanwood undertakes to supply this 
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omission, and to develop formule which, as he claims, are more 
nearly exact. 

The chief criticism which I have to make upon his last paper 
is that, in taking the bending of the rim into consideration, he 
makes use of an assumption in regard to the stretching of the _ 
arms similar to that employed in his first paper ; and this error 
affects a great part of the formule which he gives in his second 
paper. 

Inasmuch, however, as it will doubtless be of more interest to 
members of the Society to have a connected discussion of the 
matter, than to follow out the differences between Mr. Stanwood 
and myself, I will begin ab initio, and proceed to discuss anew 
the case of the bolted fly-wheel, modifying in part, and repeat- __ 
ing in part what I said in the discussion of Mr. Stanwood’s 
first paper. 

What I have to say refers to large fly-wheels made in sections, 
the sections being bolted together. Sometimes this bolting is 
done half way between two consecutive arms, and sometimes 
over the arms. In the latter case, however, the amount by 
which the rim of the wheel projects beyond the arms in a direc- 
tion parallel to the shaft is often so great that the outer portion 
receives little or no reénforcement from the connection of the 
rim with the arm: 

In both cases the joint is almost invariably the weakest part 
of the structure, and, indeed, if the stresses in the different parts 
of the joints of a number of existing fly-wheels be determined, it _ 
will be found in many cases that the real factor of safety used 
in their design is decidedly small. i 

aa Fre. 63. 


Proceeding now to our discussion, take first the case when the 
joint is half way between two consecutive arms, and use the same 
notation that was employed in the earlier part of this paper. 
We should first make the following calculation, which disregards 
whatever effect there may be due to the overhang of the rim be- 
yond the arm in a direction parallel to the shaft. 

_ In Fig. 63 let ad = distance of centre of gravity of the rim 
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section from the outside of the rim; let ebf be the line of the axis 
of the bolt or bolts, and c the lowest point where the flanges come 
in contact. 

The stresses in the bolts, rim, and flanges are different accord- 
ing as one or the other of the two following conditions holds, or 


a condition intermediate between the two, the extremes occur- _ 


ring when 
1. The bolts are set up very tightly, and when the rim and 
flanges are very stiff. 


2. The bolts are so loose that the two parts of the joint do not | as 


touch each other. 


Beginning with the first case (see Fig. 63), we have for the an 
forces acting at the joint, the tension 7: (applied at a point so 


near @ that it will be practically near enough to consider it at a) 
together with the bending moment J,, but this combination is 
equivalent to asingle force 7, applied at a,, where aa, = rand i is 
2 
laid off outwards from a. 
Now, inasmuch as the fastenings are not in line with the single 
resultant force, 7’, acting at a,, a bending moment arises in the — 


joint which in this case is taken up by the bolts and flanges and — : 


not by the rim; and we consequently have, if S is the total ‘stress 


in the bolts, that ad ot aw 

ind) fot Linadle oy ow edt. 


Besides this the greatest fibre stress in the flanges should be 
determined from the bending moment they have to bear, but this == 


is so simple a proceeding that I shall not stop to deduce a 
formula. 


Taking up now the second case, when the bolts are so loose _ 


that the two parts of the joint do not touch each other, we find 


that the entire discussion of the stresses that act in a solid oe 
pulley no longer finds any application here, for there can be no 


bending moment J, at the joint. 
Hence, in this case, the resultant force acting at the jointis F, 


(the centrifugal tension) applied so near a that we can consider ; ae | : , 


it at a. 
Then since the bolts are loose the total stress in the bolts is 


only F,, but the bending moment F, (ab) is taken up by the rim. 2 % a 
In the actual case the stresses may be either of those de- = = 
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scribed above, or anywhere intermediate between them, and are 
liable to vary in their distribution according to the speed and 
the consequent amount of yielding of the different parts. 

After having made the calculations described above which, as 4 
I said, disregards the effect of the overhang of the rim beyond _ 
the arms, we should, when the overhang is at all considerable, 
carry outa similar set of calculations substituting F, (the centrif- 
ugal tension) for 7, and the point of application a for a,, thus 
determining what would be the stresses near the edge of the 
rim if the overhang is so much that this is not reénforced by its 
connection with the arms. 

Then if (as would probably be true in most cases where the 
joint is between two consecutive arms) the stresses determined 
by the former set of calculations are greater than those deter- 
mined by the latter, we should design the wheel so that it will 
resist the former stresses with safety; but if, as might happen, 
the stresses, or some of them, came out greater in the latter set 
of calculations, the wheel should be designed so as to bear with 
safety the greatest to whichever set they belong. 

We will now proceed to consider the case where the rim joints 
are directly over the arms, which is the most usual case in large, 
built-up fly-band wheels. 

If we were to make our calculations by disregarding the ef- 


fect of the overhang of the rim beyond the arms ina direction _ 


parallel to the shaft, 7. e., to determine the stresses that would 
arise if the overhang were very small, we should find that the 
tension 7’, at a, together with the bending moment J/,, would be 
equivalent to a single resultant tension 7; at a point a,, which 
would now be below instead of above a, and where aa,=" ie 
1 
the resultant tension would be 7’, and its point of application, 
a,, would be below a. 

As long as this point a, remained above }, the mode of caleu- 
lation outlined in the other case, page 14, line 12, to page 14, 
line 27, would apply, while if the point a, were to go below b (not | 
a usual case) the tendency to pivot would be around d instead of 
around 

The above would be the case in wheels with a very small 
overhang, and also would apply to the portion of the rim 
directly over the arms in those with a considerable overhang, 


except that the various modes of fastening the rim to the arm = 
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would come in to modify the calculations; and it would be use- 
less for me to attempt any detailed discussion of these various 
modes of attaching the rim to the arm, as they all differ in 
detail; and the calculations for determining the stresses in one 
arrangement would not be suitable for another arrangement. 

Next consider the case of the outer edge of the overhang. Un- 
less the flanges or lugs are so stiff that their deflection is so 
slight as not to allow the outer edge of the rim to increase in 
diameter to the extent necessary to correspond to the action of 
the centrifugal tension (with the effect of the arms absent), the 
outer edge of the rim will be in the same condition that it would 
be if there were no arms; and the mode of calculation to be fol- 
lowed will be explained even at the risk of seeming repetition, 
because this is one of the most frequently occurring cases. 

The total hoop tension in the rim will be /;, (the centrifugal 
tension), applied at a point so near a (see Fig. 63) that it may 
practically be considered as applied at a. 

Now, inasmuch as the fastenings are not in line with the force 
F,, a bending moment arises, and two cases are conceivable : 

First, that the bending is taken up by the ee i. é., the 
bolts and flanges, and not by the rim. ae 

Second, that the bending is taken up by the rim sid not by 
the bolts. 


In the first case which would occur when the bolts are set up 
tightly, we should have 
In this case there is a bending moment in mu flange at b pe 
to F, (ab), but there is no bending moment in the rim. ‘oe 
In the second case, which would occur if the two parts of the 
rim did not touch each other, the stress in the bolts is only F,, 
but the bending moment /, (ab) is taken up by the rim. 7 
The pulley should be so designed that the bolts and flanges oS 
are strong enough to resist the stress if it occurs, as described __ 
in the first case, and that the rim and flanges are strong enough © 
to resist the stresses if they occur as described in the second __ 
case. 
In order to strengthen the rim and flanges at the joint, there _ 
should be a sufficient number of ribs cast on the inside of the 
rim ; but however the wheel is designed, all the stresses in the 
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bolts, and the fibre stresses due to bending in the rim and 
flanges at the joint, should be figured, and the wheel so propor- 
tioned that they will be kept within safe limits. 

If the flanges were so very stiff that they would not allow the 
outer edge of the rim to expand to a circle of the size corre- 
sponding to the action of the centrifugal tension alone, then the 
stresses at the edge of the rim would be less. But I think a 
perusal of the numerical example figured out in the case of a 
solid pulley will convince any one that such a condition of 
things is exceedingly improbable, and hence that Mr. Stanwood 
is right in saying in his last paper that 

“In practice the joint should not be made of less strength 


This paper is, of course, only intended to deal with the stresses 
é due to the action of centrifugal force ; but I will say a very few 
words about other causes of stress. 
“ The pull of the band must cause very considerable stresses 
in the different parts of the rim and arms, and these stresses will 
constantly vary ; but I shall make no attempt to deduce them 
here, but will say that some experiments were made at the Mas- 
sachusetts Institute of Technology, and are recorded in the A.S. 
__M. E. Proceedings, Vol. X., p. 187, upon the strength of pulley 
arms, and it is plain from those experiments that the bending 
moment brought about on the arms, in consequence of the pull 
ae of the belt when transmitting power, is far from being equally 
divided among the arms (as is often assumed in books), as one 


sition, and then the rim broke, 


Mr. Wm. Kent.—I regard this discussion of the question o 
strains in rims and fly-wheels as one of the most important ones 
before the engineering world to-day, on account of the frequency 
in recent times of the breaking of band wheels. The discussion 
heretofore has taken a mathematical form entirely, and I want to 
suggest to those who are studying it the possibility of its taking 
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arm always broke first, 7. ¢., the arm situated in one special po- E 
> 


Fig. 64 is a band-wheel, and A and B are twoof the arms. The 
line C D represents the inner edge of the rim, which is a true cir- 
cle when the wheel is at rest. We want to know what form it 
takes when the wheel is running at different speeds. According 
to Mr. Stanwood’s idea it takes a form like the dotted line, the © 

rim near the arms expanding a trifle, but the middle expanding 
very much more. If we could know from experiments what form 
that does take under different speeds, we might then have more 
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Fia. 64. Fia. 65. [ 


of a basis on which to make calculations than we now have. _ 
There are, no doubt, different ways of making such experiments, __ 
by electricity and photography, for instance. But in the last few 
moments I have thought of a mechanical way. Suppose we attach | 
little projections to the inside of the rim, as shown in the sketchat __ 
a, b, c,d, and little projections opposite to them on the hub,and put 
between these projections several radial bars of wood, or any other — 
substance. Each of these bars is composed of two bars, one slid- 
ing on the other (as in Fig. 65). The bars have little strapsaround 
them to hold them together, but allow of their sliding. AtHisa 
steel pin, pressed down by a strong steel spring. As the wheel _ 


expands, one of these bars will slide on the other, and this pin will _ . 
make a little scratch on a plate in the lower bar, thelength of which 
can be measured with a microscope, if necessary. Ifwespeed this _ 
wheel up to so many turns per minute and measure the length of | 
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scratches each time, and, finally, put a bomb-proof around it and 
burst it, we can get all the data necessary to determine the form 
of the wheel at different speeds. 

Prof. D. 8. Jacobus.—The results given by Professor Lanza are 
the same as those given by Professor Unwin, if the length of the 
spokes of the fly-wheel are assumed to be equal to the radius of 
the wheel. Professor Lanza has eliminated one approximation 
_ made by Professor Unwin, but he has ignored another, which may 
tend to counterbalance the one he has removed. Again, Professor 


Lanza assumes a parallel spoke, which is far from the truth in 
r es large wheels, where an exact analysis is the most desired. It is 
| probable that in many cases the approximation involved in esti- 
mating the equivalent parallel spoke will be greater than the 
approximation involved in assuming the length of the spoke to 
equal the radius of the wheel. The approximation which Profes- 
sor Lanza has ignored may be found in the equation preceding 
Equation 12. In obtaining the extension of the arm at this point 
in the analysis, it is virtually assumed that the rim of the wheel 
remains circular, whereas, in an exact solution, the true equation 
of the curve of flexure of the portion of the rim between two 
spokes should be used. If Professor Lanza wishes to demonstrate 
that his analysis is more exact than Professor Unwin’s, he should 
remove this as well as all other approximations before making a 
comparison, for one approximation may tend to balance the other. 
Another element which is not included in either Professor Unwin’s 
or Professor Lanza’s analysis is the effect of a sudden variation of 
load, which appears to produce an important action, as many fly- 
wheel accidents have occurred when the load was irregular, or 
when there was a sudden accidental change in the load. Until it 
can be shown that the introduction of all these elements will not 
affect the final resulis, it cannot be said that Professor Lanza’s 
change in Unwin’s analysis has improved the latter. 

Prof. Gaetano Lanza.*—Mr. Kent is perfectly right in urging 
the importance of making experimental investigations of the 
change of form and dimensions of the rim and arms of fly-wheels 
at different speeds; and, as I intend to attempt some such experi- 
ments, I have given more or less thought to the manner of carry- 
ing them out. 

That the work will involve the measurement of very small 
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one method proposed will be a success, until an actual trial has 
developed the difficulties involved in its use. 

The remarks of Professor Jacobus about parallel versus taper- 
ing arms are, it seems to me, answered by the clause in the paper 
beginning on page 214, at the middle of Jine 18, and ending at 
the middle of line 20, inasmuch as it is not the object of the 
paper to furnish formulz adapted to all cases, but to explain 
how the calculations should be made. 

That the effect of a sudden variation of load should be con- 
sidered in the design of a fly-wheel, will be found to have been 
already stated on page 209, lines 7 and 8, of the paper, while on 
page 209, line 11, it is also stated that the paper itself is only 
intended to study in detail the stresses due to centrifugal force. 

The only remaining criticism to be found in the remarks of 
Professor Jacobus is contained in the following clause of his 
discussion, viz.: “In obtaining the extension of the arm at this 
point in the analysis it is virtually assumed that the rim of the 
wheel remains circular, whereas, in an exact solution, the true 
equation of the curve of flexure of the portion of the rim between 
two spokes should be used.” In regard to this I will say that it 
seems to me that any one who will seriously make the attempt to 
examine in detail what are the modifications which will be required 
in my equations, in order to make the analysis include this 
refinement, will soon satisfy himself that the percentage of error 


comparable with the error which I have eliminated, and which, 
in the case of the pulley computed, was about twenty-five per 
cent.; indeed, it seems to me that it would hardly be possible, 
in the case of any reasonably well-proportioned pulley, for it to 
reach as high a value as three per cent. 

In closing, it may be well to add that an examination of a 
number of fly-wheels has shown me that one of the places where 
the builders have been especially liable to leave structural weak- 
ness is in the outer portions of the rim joints, in cases where the 
rim joints are directly over the arms, and where there is a con- 
siderable overhang; whereas, this source of weakness could have 
been easily detected by the method shown on page 223, beginning 
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Ry BY G. M. SINCLAIR, PHILADELPHIA, PA. 
(Member of the Society.) 
_ Tue closing decades of the nineteenth century have seen 
wrought-iron practically driven out of our markets and supplanted 
by steel. So rapid has been this change, that many users and 
even producers have not thoroughly grasped the distinguishing 
characteristics of the latter metal and their influence, and the 
extension of the use of steel, rapid as it has been, has been 
somewhat retarded by costly errors due to this cause. 

We purpose to note some of the general principles controlling 
the manufacture and use of steel forgings. A forging may be 
good or bad, independent of its material. We shall avoid 
metallurgical questions, and take only what may be called the 
mechanical view of the subject. This will exclude questions of 
composition and many other interesting and important subjects. 
By “steel,” the ordinary carbon steel is referred to, although 
the statements made apply with equal force to many or all of 
the numerous other varieties. 

The first point to be considered is the design of the forging. 
Iron forgings are essentially built up. It follows that great 
irregularities of shape are of small moment, so far as the manu- 
facture is concerned. A steel forging, on the other hand, is 
made from an ingot, which at the outset must be sufficiently 
large in section to make the largest part of the desired forging 
out of it. It cannot be enlarged in section except in minor cases, 
when it may be upset or have a piece welded on. But it is 
highly objectionable to weld in steel, especially where any strain 
is put on the weld. With some grades of steel, welds are 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical _— and neening part at Volume XVI. of the Trans- 
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Mogathes on Cases may be wilh with, however, in which it is 
desired to fill out a forging at a point where no stress of im- 
ames will come, as, for instance, to form a boss to carry an 


As a rule, however, avoid 
The designer must remember the conditions, which 
= = medaly these: An ingot of practically uniform section to 
ke _ start with, and a material which demands as few heats as possible 
ae and does not permit of welds. It follows that he must make his 
=e design as simple and uniform as possible, avoiding large collars, 
aes. arms, sharp set-downs, and other irregularities of form. In 
<< return he will get a forging which has been finished’ in a few 
heats, at low cost, accurate to size, and giving the machine shop 
a minimum of work. 
_ The design completed and furnished to the forge-master, the 
billet or ingot is selected, and goes into the heating furnace. 
What is the condition of an ingot? After being cast it has 
nx cooled rapidly from the outside. Since the heat of the interior 
has passed off through the outer portions of the mass, the in- 
a _ terior has necessarily been at a higher temperature than the sur- 
ore face during the entire cooling process, and the more rapid the 
wees. = cooling the greater the difference of temperature between the ex- 
terior and interior. The surface has finally set rigidly while the 
sees interior was plastic or even fluid. While the interior is still 
__ fluid the shrinkage at the lower portion of the ingot is fed from 
above. Frequently this is at the expense of a hole, or “ pipe,” 
a at the upper end ; but even if the ingot when cooled is solid 
i throughout, the metal is under stress. It is as if a quantity of 
: De steel were put into a rigid shell too big for it, and were stretched 
fy; out in all directions to fill it. Now suppose this rigid shell is 
expanded by heat so quickly that the heat is not transmitted in 
any appreciable amount to the interior. It follows that this in- 
_ terior portion must immediately stretch more in every direction, 
or it will not fill the interior of the shell. So the interior of an 
ingot is under stress when put into a heating furnace, and these 
_ stresses are increased as its exterior is expanded. If the heat- 
ing is not done slowly, so that before much additional stress is 
Induced the interior has acquired heat and begun to expand, 
_ and the whole ingot is thus gradually brought to a plastic cor- 
_ dition, there may be internal cracks in the ingot when it goes to 
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the forge. This danger is not great with small ingots, but large 
ingots will sometimes crack with a noise like a bell while still 
almost cold. 

To heat slowly, and at the same time economically, requires 
careful consideration in designing the furnace. Some furnaces 
under favorable conditions will heat ten pounds or even more 
for one pound of fuel. There are other furnaces in use which do 
not do better than pound per pound. If very large pieces are 
to be heated, requiring high temperatures for a long time, the _ 
regenerative form of furnace will effect great economy of fuel. — 
If, on the other hand, a great number of small pieces are handled, 
the furnace might be made long, and the work passed gradu-_ 
ally from the cool end to the hot end. This is a form of con- 
tinuous furnace with many advantages, but with any furnace, 
a mild, reducing flame must be kept to avoid “burns” and 
scaling. The ideal way of heating is to reverse the operation of 
cooling, that is, heat from the inside outwards. With present 
appliances this is not possible, except with bored ingots, which 
are used only for hollow forgings. Perhaps our electrical friends 
will perfect a system by which, for example, we shall wrap an 
ingot in asbestos, run two poles up against the ends, turn a 
switch, and find our ingot heating rapidly, safely, and with almost 
no loss from scaling. In such asystem, the expense of a furnace 
would be offset by that of boilers, engines, and dynamos ; but it 
would be rash to say that this may not be the method of the 
future, even for large work. This operation of heating is 
the first one which the forge undertakes, and is one where, in the 
majority of cases, a considerable saving could be effected. The 
requisites for that object are primarily a well designed and con- 
structed furnace, and, secondarily, intelligence in using it. No 
fixed rules can be given to fit all cases, but each must be care- 
fully studied. 

In the manufacture of a forging, the forging process itself 
furnishes the most obvious field for introducing economies and 
safeguards, and has, therefore, probably received most attention. 
To change the form of a mass, there must be a flowing of par- 
ticles over one another against a certain amount of resistance. 
Time is an essential factor of this flowing. In making a forging, 
therefore, we have a force acting through space during time, and 
all three factors, the force, the space, and the time, are variable. 
Bearing in mind these general considerations, a few words on the 
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“press will not be out of latin The action of the hammer differs 
from that of the press mainly in the time effect of the blow. 
‘Suppose a similar blow from the two machines, that is, the same 
area and mass of metal deformed to the same extent. Then, in 

the case of the hammer, the energy of the falling mass is absorbed 
ue by the metal ina very short time, in which the velocity 1 is re- 


_ eylinder. There we have the falling weight of the hammer 
” rallied by a revolving fly-wheel; and the steam in the 

E cylinders of the engines acting during the blow would cor- 
respond to top steam inthe hammer. The “ work” in the press, 

_ however, would not absorb the entire energy of the fly-wheel, for, 


“die toushen the metal antil the deformation is The 
a nearer the blow to the capacity of the press, the greater the re- 
__ tardation; and the farther from that limit, the more nearly uni- 
at form the velocity of the blow. In fact, the hammer becomes a 
5 Be press when the tup is so heavy that it does its work without 
fall; and the press would be a hammer in effect if the stored 
' energy of the fly-wheel were transmitted so directly as to be 
absorbed in the same time as the energy of the falling tup of the 
hammer. While such construction is impracticable, the illus- 
tration shows that within limits the two systems do approach 
each other in every-day, practical work. To sum up, it may be 
_ said the press differs from the hammer in that, by the interme- 
_ diary of water and the enlargement of the water passage at the 
__ eylinder of the press, we retard the blow and extend its effect 
over a much greater time. 
This being the difference of action of the two systems, which 
_ will give a better product? Theoretically, under the press, the 
particles having ample time to flow, the treatment is not so 
_ severe. Practically, however, under a hammer properly propor- 
_ tioned to the work, the particles have then likewise “ample 
_ time” to flow. In other words, the press takes a needlessly long 
time to effect the deformation. Of course we refer only to 
steel. Other materials may require all the time, or even more, 


uced from the maximum to nothing wr our ¢ eee 
f i hich th deli 
that type of press in whic e pumps 16 
of course, the water will be shut off before the engines are 
stopped. The duration of the blow is greatly lengthened, and 
the velocity of the die is much less than that of the fly-whe ie ae 
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for deformation, which they would have under the press as no 
constructed. But for steel, the product of the hammer is equal, 
if not superior, in quality to that of the press. There is, how- 
ever, a chance for bad practice in the use of hammers which 
does not exist with presses. A light hammer driven at a high 
velocity expends its energy on the surface of the forging. The 
interior not only is not compacted and worked, but it is actually 
opened up and even ruptured. Hammered forgings may be so 
made, and may in use have, or soon develop, bad internal 
cracks. With the press this is impossible, and this fact is, to a 
certain extent, a guarantee of quality to the user of hydraulic 
pressed forgings. 

It is the distinction in the operation of light and heavy 
hammers, above noted, which has given rise to the prejudice often 
found against top steam. This prejudice has little foundation, 
and it would be a mistake to build a hammer for general forging 
purposes without top steam. It is the unfortunate property of all 
steam hammers that the larger the forging, and therefore the 
greater the power required, the less power is there available, since 
the large size of the forging reduces the stroke of the hammer. 
Top steam enables the hammer in effect to lengthen its stroke. 
That is, it will give the tup at part stroke the same velocity 
that it would acquire by gravity at full stroke. This gives the 
hammer vastly greater range without necessarily trespassing 
on the forbidden ground of high velocities. Further, it in- 
creases the product, for a greater number of blows can be given 
in the same time than with a hammer actuated only by gravity. 
The use of top steam is legitimate ;.its abuse must be guarded 
against. 

The advantages of the press over the hammer rest chiefly on 
merits appealing to the manufacturer of forgings. Except for 
some varieties of plain work, the best designed presses are 
quicker than hammers, their running expenses are less, and, 
above all, owing to the absence of shock, they are much more 
mechanical tools, forgings being turned out from them with 
precision and ease which could not possibly be made at a 
hammer. These advantages can scarcely be overestimated. 
Perhaps the severest criticism brought against the press is the 
comparatively high heat at which forgings are finished. As all 
forgings ‘are or should be annealed before being put into use, -_ 
this criticism has little force. 4 
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the virtues or faults of the design must be considered by the 
hammer man. Before beginning work he must plan it. All 
reheating, and specially reheating of finished parts, must be 
avoided. It is time well spent to think out every operation be- 
forehand, to have dimensions calculated, and templets prepared 
for various critical points of the manufacture, and, in short, so 
_ to prepare that almost any contingency which may arise has 
_ been foreseen. When a piece is heated and brought to the 
hammer or press, there is no time for deliberations and con- 
- gultations. If they become necessary, it is at the expense of 
the economy and quality of the work. 
_ The forging being made, it remains to “treat” it. The usual 
treatment is annealing or oil-tempering and annealing. Exactly 


it is generally and rightly regarded as important. All steel 
- eomes from the hammer or press with internal stresses more or 
Jess severe. The particles are in a disturbed condition, and cans 
not adjust themselves while the metal is cold ; at least, not in a 
reasonable time. Annealing relieves these stresses. It will also 


annealing is shown by the testing-machine by a reduction in 
tensile strength and increase in extension. To anneal prop- 

_ erly, furnaces for the purpose should be used. The old method 
_of burying in lime or ashes, though beneficial, is uncertain and 

- incapable of accurate results. The design of the annealing fur- 
3 nace, like the heating furnace, is capable of much variation, and 
_ for best results must be made to suit the peculiarities of each 
_ ease. The fuel may be wood, coal, gas, or oil. The essential 
- characteristics are, that it shall enable the work being treated 
to be brought up to any desired temperature slowly and uni- 

_ formly, and again cooled in the same manner. With these two 

- points provided for, all other devices and arrangements of fur- 
nace for facilitating work and for economy may be introduced. 

_ For high-class work, the temperatures of the furnace, composition 
of the metal, and physical tests must be noted. In fact, no one 
_at-this time can hope to compete for high-grade work without 
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Whether the forging is made by a press o1 2m me 

pe what takes place in a piece of steel submitted to these processes 
rte is not certainly known, but the physical results are pretty well 3g 
cone understood. In most cases the treatment will consist only of ee 
annealing. Formerly the annealing process was a very perfunc- 
tory operation, and frequently was omitted altogetl To-d: 

break up crystallization more or less effective! The effect eet e 
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the free use of the chemical laboratory and testing-machine, and 
making and preserving more or less elaborate records. 

There is a great variety of other processes by which forgings 
may be treated, such as case-hardening, Harveyizing, hardening 
in water, oil-tempering etc. ; but the last mentioned is of more 
general applicability than any of the others, and we shall close 
by areference to it. Its most obvious effect on steels having a 
moderate percentage of carbon seems to be of a physical charac- 
ter analogous to forging. The sudden contraction due to the 
chilling of the surface compacts the metal and breaks up crys- 
tallization. At the same time the suddenness of the cooling in 
itself has a tendency to check or prevent the formation of crys- 
tals. Itis evident from the above, and also from experience, that 
the thicker the metal the less will be the effect of the oil-tem- 
pering, and at no very great thickness the metal in the interior 
will be little affected. It is also evident that for very irregular 
shapes the process is not applicable. For cylindrical pieces, and 
especially for hollow cylinders, it is a most beneficial operation. 
A coarse crystalline structure is readily changed to a fine homo- 
geneous quality. The most marked effect of oil-tempering and 
annealing on steel is the raising of the elastic limit. This is 
accompanied by a moderate gain in tensile strength and a slight 
loss in ductility ; but both these results are secondary in impor- 
tance and amount to the effect on the elastic limit. “Gain” and 
“loss” above are taken with reference to the same steel thor- 
oughly annealed, but not oil-tempered, and also it is to be noted 
that oil-tempering should, except in particular cases, be fol- 
lowed by annealing. 

The application of this treatment is now universally adopted 
for gun forgings, and has extended from that to large shafting 
and similar work, and is now also used for armor plate. The 
details of tempering, whether double or single,-at what tem- 
perature, etc., depend on circumstances. In general, the plant 
necessary consists of a furnace for heating capable of giving the 
forging a high uniform temperature, a tank of oil, and proper 
hoisting and conveying machinery to pass the work quickly 
from the furnace to the tank. It is to be noted that the heating 
in this case is of an intermittent character, and the furnace will 
be designed with that in view. Oil-tempering opens the way for 
a bad practice which is not always avoided as it should be, and, 
in fact, is not always recognized as such. We refer to the selec- 
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tion of a very soft steel for the forging, and tempering up to fill 
specifications. ‘This is sometimes carried to such an extent that 
the final annealing is so slight as to be a farce. While oil-tem- 
pering benefits the metal, it leaves it with considerable internal 
stress which should be relieved by an effective annealing. At 
the outset, therefore, a sufficiently high grade of steel should be 


selected to permit of thorough final annealing. aris 


Mr. Wm. Kent. —I would be glad if Mr. Sinclair would add a 
few more details, such as: When you are going to oil-temper a 
forging, First, what carbon should that forging have? Second, 
what will be the tensile strength and elongation (1) of the original 
steel in the ingot, (2) when it is forged, (3) when it is oil-tempered, 
and finally, when it is annealed ?—so as to show the gradations that 
the steel goes through. Also, he speaks of hammer bars and 
other things to resist shock. I would like to know what carbon 
and what treatment he would recommend for a piece of steel — 
designed to resist shock to the utmost degree. 
Mr. Geo. M. Sinclair.*—The gentleman outlines sufficient work 
for a number of papers. We started out with the statement 
that we should avoid questions of composition. In general, there- _ 
fore, we may say, in regard to the first question, that, under proper _ 
conditions, all grades of steel used in forgings may be oil-tempered, _ 
but whether it is desirable in any particular case or not must be _ 
determined by the engineer. In regard to the second question, it 
should be noted that not only differences in composition but also 
differences in the method and operations of manufacture affect 
the results obtained by physical test; so that even if made from 
steel from the same ingot, two untreated forgings may differ 
greatly, and by treatment they may be brought to the same con- 
dition, or to different conditions, as may be desired. Theextension _ 
of the application of oil-tempering to pieces of more complicated = 
shape, as instanced in the forked connecting-rods for the engines 
of the torpedo boats for the United States Navy, for which bids 
have recently been asked, and to pieces designed to sustain shock, __ 
is interesting. In regard to the latter we shall only add that _ 
shocks vary in character and should be treated accordingly. It 


* Author’s closure, under the Rules. 
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is a fact that a hammer bar of about 0.40 per cent. carbon and 
oil-tempered gave much better results than one of about the same 
carbon, not oil-tempered ; but it does not follow that a more suitable 
steel could not be used. These questions may perhaps form the 
basis of further papers, when more time can be given to their con- 
sideration than is now available. 
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STRENGTH OF RAILWAY CAR AXLES. 

: BY L. 8. RANDOLPH, BLACKSBURG, VA. 

BE (Member of the Society.) 


THE writer, a few years ago, made some calculations of the __ 


strains upon the axles of freight cars, which seemed to be of 
sufficient interest to be presented to the Society. 

The static load on the journal of a loaded 60,000 pounds’ 
capacity freight car is as follows coven na 


60,000 pounds; 


Deduct 8 wheels and 4 axles oma tH 


» 


Load on each journal........ 10,000“ 


This is constant, and may be taken as the minimum static load _ 
on the journal. 

This load, while acting constantly, would -be of the nature _ 
of an intermittent or repeated load, the load being applied first in 
one direction, as regards any one set of extreme fibres, and then 
in the other. 

The experiments of Wohler and Spangenburg give for the ulti- 


mate strength, under these conditions, for wrought iron, 17,600 © ia 


pounds, Krupp’s axle steel, 30,800. 


Taking the safe number of vibration at 30,000,000, we find that 


a 33-inch wheel under a freight car, with an average of thirty 
miles per day, would make about 6,720,000 revolutions, or would 


*Presented at the New York meeting (December, 1894) of the American ee 


Society of Mechanical Engineers, and forming part of Volume XVI, of the Trans- — 
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be worn out in about five years, if the metal was strained to 
the limits given. 

The springs used by a number of our railroads are so arranged 
that the deflection under the static load is about half the total 
defisction. The writer has observed a number of these springs 
which have been forced solid. This would give a load, when the 
spring was thus forced down until the coils touched, of 20,000 
pounds. What the load would become when the oscillations 
were more than enough to force the spring solid, it would be 
impossible to say. 

The writer’s observations have shown that the springs are con- 
stantly deflected to a point midway between the loaded and solid 
height, giving a load of 15,000 pounds on the journal. 

The centrifugal force of a freight car on a six-degree curve, at 
twenty miles per hour, would give about 300 pounds for the 
pressure on the flange. 

Scheffler gives as the results of his experiments, that the oscil- 
lations may give a horizontal component of forty per cent. of the 
static load; this would give about the same figure as above, 
namely, 15,000, and would be much greater than that due to the 
centrifugal force. 

We would have then the loads on the journal as follows: 

Static load 10,000 
Load repeatedly occurring. 15,000 
Load with springs solid 20,000 

The movements of these applied loads would follow the lines 
shown on the diagram. (Fig. 66.) 

Using the formula for the moment of resistance of a circu- 
lar section 35 7 d’ T, we would get the lines shown in the 
diagram for values of 7’ of 18,000 and 30,000 pounds per square 
inch. Line A gives the moment of resistance for stress of 
18,000 pounds per square inch. Line B gives the moment of 
resistance for stress of 30,000 pounds per square inch. Line C 
gives the moment of resistance for stress of 30,000 pounds 
per square inch when the journal is worn down to the limit of 
three and one-half inches; and line D gives the moment of re- 
sistance for stress of 18,009 pounds per square inch under the 
same conditions. 

_ E, F, and G, = the moment of the applied forces for loads of 
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20,000 pounds, 15,000 pounds, and 10,000 pounds respectively 
on the journal. 

The calculations of a large number of broken axles have indi- 
cated, though not definitely proved, that, when the moment of 
resistance approached the moment of the applied forces, break- 
ages became very frequent. 

The fractures in a large number of axle breakages examined 
by the writer have been where the wheel-seat joins the tapered 

Lt fs Halliowe, of sol 
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portion of the axle, and were undoubtedly due to the scoring 
of the axle at that point by the tool. 

The others were about evenly divided between the centre of 
the axles and the junction of the journal with the axle, indicat-_ 
ing weakness at these points. 

Tt will be noticed that the lines of the moments of epptied 
forces approach more te wert of moments: 
resistance at these points. | 
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The only cases of breakage in the tapered portion between 
the wheel-seat and the centre of the axle which have been ob- 
served by the writer, have invariably been due to flaws in the 
material, and they have been very few in number. 

It will be noticed that the lines of the moments of applied 
forces are horizontal between wheel-seats. This would indicate 
that the axle should be made the same diameter in the centre 
as at the wheel-seat. The observations above, on breakage of 
axles, also lead to the same conclusion. 

Mr. Grafstrom has shown that the action of the horizontal 
force due to oscillation gives the tapered form, shown for the 
central point of the axle. 

The question would then seem to lie between the horizontal 
oscillations and the vertical. Scheffler says the horizontal com- 
ponent may reach forty per cent of the vertical force. The obser- 
vations of the writer are that the vertical load may be increased 
100 per cent. by vertical oscillation. The writer believes, from the 
observations so far made, that the latter are greater, and should 
govern the design of the axle; but it would require a far more 
extensive series of observations than he has been able to make 
to definitely settle the matter. 

The figure given for the strength of steel under repeated 
strain, is from Wohler and Spangenburg’s experiments, and was 
for steel of about 85,000 pounds per square inch ultimate tensile 
strength. 

This figure cannot be said to represent the correct values for 
steel axles under repeated loads, although the figures for iron 
may be taken as correct. 

A majority of the steel axles made to-day are accepted on the 
result of the drop test, which test can be passed most success- 
fully by the mildest or softest grades of steel axles, and these 
are certainly below the tensile strength of the axle steel tested 
by Wohler, and must consequently give less resistance to re- 
peated loading. 

What difference there would be between the different grades of 
steel used for machinery, cannot safely be predicated from the 
tensile strength, as the results so far obtained do not show any 
very definite ‘relation between the sivongth under static load and 
under repeated load. 

The question of the durability, or number of repeated load- 
ings, which the material will stand, is one on which very little 
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AXLES, 
real information is obtainable. The writer has taken 30,000,000 
repetitions of the loading, as the number required to break the | 
axle when under the ultimate stresses allowed for repeated load- _ 
ing. That there is very great uncertainty about the matter, 
goes without saying. 
There are two methods of determining the life of an axle: one 
by the mileage, and, consequently, by the number of revolutions 
made; the second, by the wear of the journal. The first would 
give a very accurate method of determining the life of an axle, — 
with more definite information as to the strength of the material | 
under intermittent stresses. f 
The method, by allowing the axle to wear down to a given _ 
limit, 3$ inches diamster for the journal of the axle shown in 
the diagram, gives widely varying figures. 
When the lubrication is well done and there is little wear, the 
axle may be allowed to run very much longer than it should. 
When the journal wears rapidly, the axle is thrown out of service 
long before it is worn out, on account of the intermittent stresses, 
and while the journal may be fully strong enough to stand the 
load. 
The most important deduction which the writer has been able 
to draw from this examination of the strength of axles, is the 
need of a series of experiments in this country, on the effect of | 
repeated loading on iron and steel, especially with respect to the _ 
durability under the different loads. 7 
Such experiments, carefully and accurately made, would give | 
us data upon which to base calculations of @izes of parts of © 
machinery, which are now little more than guessed at. 
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Mr. George R. Henderson.—There is a point on page 238, in | 
which Mr. Randolph refers to the springs being frequently — 
forced solid. I do not wish to contradict his statement at all, — 
but I thought it might be interesting to state some experiments _ 
which were conducted with coil springs, recently, when it was_ 
found there was not much likelihood of their becoming solid if 
they had anything like the usual amount of strength. These ~_ 
springs were designed so that a loaded car would put on thema = 
little more than half the solid load. We took one car, fitted with 
such springs, and overloaded one end with pig iron about twenty- — 
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five per cent. Then we put pieces of putty in between the coils 
of the springs, ran the car truck up on wedges and dropped the 
four wheels bodily about three inches, and an examination showed 
that the putty was not cut through. If springs are of the ordi- 
nary strength I doubt if the coils will come together in ordinary 
practice. 

I would like to indorse the last’ paragraph, page 241, very heart- 
ily. If some of our colleges, fitted up for experimental work of 
this kind, would go into this matter of fatigue of metal thoroughly 
and carefully, I think we should have information that would be 
of great advantage to the engineering world generally. There 
are many theories advanced in regard to the fatigue of metals, 
with some information of an experimental character, but I do not 
think it is entirely satisfactory, and if some of our colleges would 
take that up I think they could make a good report on the 
subject. 

Mr. E. D. Estrada.—\ beg not to be considered as over-critical 
in connection with my remarks about Mr. Randolph’s paper on 
“The Strength of Railway Axles.” I earnestly believe that our 
lack of knowledge on the subject of resistance of materials is, in 
great .measure, due to our carelessness in taking care of “small 
matters,” when it is really these little things which need the most 
attention. The large ones usually take care of themselves. 

On page first of Mr. Randolph’s paper we see that a load of 10,- 
000 pounds is considered as acting constantly on each journal. Re- | 
ferring to this load, Mr. Randolph says: “This is constant.” There _ 
can be no mismtéPpretation of that sentence. In the next para-_ 
graph, referring to the same load, Mr. Randolph says: “This load, 
while acting constantly, would be of the nature of an intermittent 


or repeated load, the load being applied first in one direction as 
regards any one set of extreme fibres, and then in the other.” In 


the first place, a load cannot be considered as acting constantly 
and be of an intermittent nature. In the second place, if it is — 
applied in one direction it must become equal to zero to be applied — 


in the opposite direction. The conditions assumed by Mr. Ran-_ i: 


dolph cannot be fulfilled. Hence, since the values for the ulti- 
mate strength given by Wohler and Spangenburg are supposed _ 
to have been determined, under these con:litions they cannot be 
correct. 


According to the method here described, an axle under a car, 


travelling at the rate of 40 miles an hour, would die in about 52 
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days; and an axle on a car travelling at the rate of 100 miles 
an hour would give up in about two days. There is evidently 
something wrong in this method of determining the strength of _ 
an axle. Let us see if we can find where the error lies. Messrs. — 


Wohler and-Spangenburg made experiments, subjecting an axle to is 


a certain number of vibrations, and found that when the number 


of vibrations was equal to 30,000,000, the axle broke. But, unfort- 
unately, they forgot to tell us what the value of a vibration is. 
If we are to consider the strength of an axle by the number of AS 
vibrations or revolutions which it can be made to resist before —_ 
ture takes place, we must have a definite value for a vibration, | 
without which any number of them cannot have any ioral A 
value. According to this method of reasoning, an engine making — ae 
400 revolutions per minute would have to stop for a funeral every gr 
few hours. 

Mr. Randolph may reply that the axle and the shaft do not — 
afford parallel cases; to which I will say that they do until the 
difference is established. 

Mr. L. R. Pomeroy.—I want to call attention also to one 


statement on page 240. The author says: “ These figures ” latin: 
85,000 pounds per square inch ultimate tensile strength) “ cannot — 
be said to apes: the correct values for steel axles.” NowI 


few years ago, when axles were made quite soft, 70,000 to 74,000 
pounds was a fair average ultimate strength; but of late years 

roads are requiring a slight increase of tensile strength, so that _ 

we have them as high as 92,000, and even to 95,000 pounds tensile ~ 

strength. 


that is 3 by no means new. 

in Fig. 81 9 was patented by the master car- 
ees builder of the St. Paul road. I was ee 
———4_ at Milwaukee at the time, and he called my 
attention to the very wonderful wear = 


Fig. 67. 


used experimentally for some years on that road, and he ‘aid 
that he had instructions from the general manager to use ma. 2 
form of axle in the future, and he applied for a patent, and the ' 
patent was granted. Of course, the patent has expired. There — 
was no evidence of end in the shown 
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me, and no scoring in them. The probability is that an axle of 
this form would have less tendency to fracture at the point a 
than those commonly used. Whether such axles have been con- 
tinuously used on the St. Paul Railroad I do not know, but I was 
told that in 1874 authority was given to the master car-builder 
to introduce such journal-bearing as the practice of the road. 

Mr. H. de B. Parsons.—In reply to the speaker before the last, 
I would state that Mr. Randolph says this load is constant—that 


is, constant on the journal. He also states, in the next paragraph, 
“ This load, while acting constantly, would be of the nature of an 
intermittent or repeated load.” The stress is intermittent in 
regard to the fibres, because the axle turns. The fibres on the 
top of the journal at one moment are the next moment under- 
neath, so that while the load is constant on the journal the stress 
is intermittent on the fibres. 

Mr. G. C. Henning.—This paper does not, I think, touch the 
critical point of why axles break. In a great number of axle 
fractures you will see that there is a central part of the axle 
which broke with a granular appearance, while between this 

part, which is shown on the diagram (Fig. 68) at @ by the 
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smallest circle, and the upper edge of it, there are a number of 
rings shown, in which the material is crushed more or less. Now, 
every axle is strained very much more in passing over a frog on 
a switch than by any of the reversed strains mentioned in the 
paper, oscillations, vibrations, or static loads. These are very 
small compared to the impact of the axle at the instant of cross- 
ing over a frog. Suppose the car is loaded to its maximum — 
capacity, and a frog is struck when the road-bed is very hard, it 
may crack that axle on one or the other surface, according to how 
it is strained. If the wheel is outside, as usual, then, of course, 
the fracture would be likely to occur on top. Now, that axle will 
run for a long while with that fracture in it. The next time that — 
axle hits a frog it will break a little bit further. The next time — 
it runs under a heavy load and strikes another bad place in the 
track, it breaks still further. The journal section of the axle has 
by that time been very materially reduced, and careful inspection 
reveals these fractures; and when the fracture shows very > 
plainly and opens, why, then, the axle is taken out. But many of 
them are not found, because of carelessness during inspection. 
Then ultimately the axle will break with the section of material 
shown at a in perfect condition at the time of rupture; all the 
rest has been hammered during service, so that it is all polished. 
But the fracture does not occur uniformly. Some of these rings 
are wide and others are narrow, just as I show. I have one axle 
in my office which has at least sixty such distinct rings, which 
shows that it broke on sixty different occasions. - That is the way 
axles break. They do not break because they are weak. They 
do not break because the static loads are too great. They simply | 
break because of the enormous impact in crossing over frogs, and _ 
they break very gradually. | 


senting an axle fracture, as I have noticed several of them. I _ 
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Mr. Estrada.—I would like to make a sketch (Fig. 69) repre- ps 


will be noticed, from the specimen, that the failure of this axle 
was the result of the diminution of its normal cross-section, caused 
by very minute cracks produced from time to time, and under 
varying conditions. 

These cracks started on the surface and continued towards the 
axis, until the effective area of the axle at this point was less 
than that required to carry the load ; then the axle broke. While 
“turning ” the axle to its proper dimensions, tool-marks were left 
in the fillet outside of the wheel seat. The fracture starts while 
the car goes over joints or frogs. It is impossible for the axle to 
be always in the same relative position while the car is passing 
over ail the inequalities of the track. For this reason, we cannot 
consider the fracture as taking place in one direction more than 
in another. 

There is another very important point to which I would like to 
call your attention. Notice that the surface of the gradual fracture 
is not a plane surface but a spherical surface. This particular case 
of axle breakage was given to one of our testing laboratories, in 
order to ascertain what caused the trouble. After making the 
usual tests, they reported that, while the material of which the 
axles were made would have been considered as excellent for 
bridges, it was not good material for axles. This report did not 
satisfy the superintendent of the street car company, who 
asked me to make an investigation. I began by making the 
usual tensile and bending tests with specimens cut from one of 
the broken axles. The tensile test showed an ultimate strength 
of 57,000 pounds per square inch, an elastic limit of 38,000 pounds 
per square inch, an elongation of 25 per cent. in 8 inches, and 
a reduction of area of 57 per cent. By the drop test, an elonga- 
tion of 33.5 per cent. in 8 inches was obtained. The chemical 
analysis showed the carbon, phosphorus, manganese, and _ sul- 
phur to be well within the limits generally specified for axle 
steel. 

These results do not warrant an adverse criticism concerning 
the quality of the steel as a material for street-car axles. I made 
an etching test, but there were no blow-holes to be found. I 
thought of segregation, but, fortunately, I did not know anything 
about it, and decided to leave that alone. It was clear that I had 
to either “throw up the sponge ” or follow a new line of inquiry. 
An examination of several of the broken axles showed that the 
fractures occurred at a similar place in every axle, thus disproving 
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theory which might be advanced accounting for the breakages _ 


from physical defects of the materials. 


Further observation showed that the bending moment had the oe 


greatest value when the section where the fillet had been turned 
was considered. Adding to this the effect of tool-marks on steel _ 
the mystery was cleared, and further trouble from that source was __ 
completely stopped. Let any one place an axle on a Pittsburgh 
street-car, and figure how long it will last from the number of 


revolutions made by any other axle, not taking into account the ; 
condition of the street-car tracks in that city, and see whata | 


mistake he will make. Moreover, if the observer is not very 
careful to look out for himself, there is no telling how long he 
will be able to continue his observations. 

Mr. H. Wade Hibbard.—I think it will bea valuable addition _ 
to the information we have gained from the discussion of this — 
paper if some of the members present who have taken part, or 
not, would give us what they consider the safe life of an axle, 


either in the number of years it should run or the number of = 2 


revolutions. 

Mr. Estrada.—I can tell you that; an axle may last an hour, 
a day, a month, a year, or it may last any length of time. Its 
life depends on how and where you use it. A shaft is nothing _ 
but an axle, and notice how long they last, generally. Consider 
a railroad company in the hands of a “ receiver,’ and it will 
usually have a bad track, and axles will not last very long there. 


Consider a well-paying railroad company, and you will usually i a 
find a good track, and an axle on this road will last longer than 


on the other. 

Mr. M. P. Wood.—I think it is the practice of the Pennsylva- _ 
nia and also of a number of other leading roads, that after an axle 
has been under a car a definite length of time, say two years, or, 
as by the car record, has made approximately two hundred thou- _ 
sand miles under their passenger equipment, that axle is con- — 


demned and taken out, whether it shows any sign of fracture or me Z 
not, and put into freight service. I think that is gettingto be 


the universal practice with our leading lines of railway. 
Mr. L. S. Randolph.*—In reply to Mr. Estrada I would say 
Mr. Parsons has fully answered the first part of his criticism. 


As regards the life of an axle, a freight car seldom makes more _ 


* Author’s closure, under the Rules. 
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than thirty miles per day on an average; as regards passenger 
cars, the conditions of loading are different on account of the 
difference in the motion of the springs. The loads are not so 
great as in freight service. 

By the number of vibrations Messrs. Wobler and Spangenburg 
mean the number of repetitions of the load, the amount of the 
vibration being determined by the amount of the load. 

In reply to Mr. Henning, I would say that the phenomena which 
he describes are quite common. I cannot agree with him as 
regards the danger from frogs and switches; they are very hard 
on wheels, but not so much so on axles. A combination of a low 
joint and high speed will produce a greater load on the axle. As 
a matter of fact, however, frogs, switches and low joints all go to 
strain the axle beyond the limits usually calculated upon. As 
regards the detection of cracks by inspectors, it is impracticable 
to do it. The writer has saved several side-rods on locomotives 
from breaking, by detecting cracks, but even on the polished rod 
they were so minute that it was very difficult to detect them ; but 
with the polished journal of a freight car covered up and the 
body of the axle covered with dirt and rust, small cracks can- 
not be readily seen. 

Tool-marks are usually the places where cracks start. Clark 
called attention to this forty years ago. The concentric rings 
which Mr. Henning speaks of can be produced by an intermittent 
load. The writer observed a similar phenomenon in experiment- 
ing on stay-bolts under a vibrating or intermittent strain, and his 
observations of fractures known to have occurred from shock 
would lead him to conclude that the axle which Mr. Henning 
describes was broken by repeated stresses and not by shock. 

I agree with Mr. Henderson that it would be well for some of 
our colleges to take the matter up, but the cost of the experiments 
would be so great as to be prohibitory except to the wealthiest. 
It is a matter which could be best handled by the government. 
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RAIL PRESSURES OF LOCOMOTIVE DRIVING “a 
WHEELS. 

pt taf BY DAVID L. BARNES, CHICAGO, ILL. ad 

4) Ae (Member of the Society.) 
DRIVING-WHEELS of locomotives at speed move so quickly over 
the track and revolve so rapidly that the maximum rail pressures 
are much greater than when the engine is at rest. It has not 
been compulsory in the past to consider seriously the effect of 
speed on rail pressures, but now the maximum velocity of trains 
is so high that it is exceedingly important to have a clear under- 
standing of the modifications produced by speed. The object of 
this paper is to bring forward for discussion an analysis that has 
been made of the effect of speed on rail pressures; 

EQUALIZATION OF RAIL PRESSURES BY LEVERS. 


Owing to the great vertical irregularity of railroad track as first 
laid in this country, equalizing levers were required between the 
driving springs in order to keep the wheels on the track, to make 
the weight approximately equal on the drivers, and to make the 
engine ride steadily. The purpose of these levers is to permit 
the wheels to rise and fall without such a material change of 
weight thereon as would occur if each wheel had an independent 
spring. With independent springs, if a wheel drops down, the 
rail pressures, being dependent upon the tension on the spring, 
are reduced because the tension of the spring isreduced. In Eu- 
rope, where the tracks have been made more nearly level in verti- 
cal alignment, the locomotives have been supported on springs 


*Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the Zrane- 
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without equalizers, the weight on the wheels depending very, 


4 largely upon the stiffness of the springs and the initial set or ten- 
sion that is given them. For this reason, by altering the initial 


_ tension of the spring, the weight can be thrown from one pair of 
_ drivers to another. It is one of the tricks of railroad’ mechanics 


using locomotives with a single pair of drivers to adjust the 


ma i ‘springs to give a minimum weight on the drivers when the engine 
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is weighed, as this is more satisfactory to the track engineers, but 
_when the engine goes into service the tension on the driving 
springs is increased, and this throws a large i increase of weight on 
the drivers, and not infrequently there is more weight used per 
pair of wheels for such locomotives than is given in the published 
description. With equalizers an adjustment of this kind is im- 
possible, and any material change of weight on the different driv- 
ers can only be made by changing the position of the fulcrum of 
_ the equalizing levers. 
Where the track is level and smooth, equalizers are not really 
SS but for locomotives having to run in freight yards over 
_ bad sidings and rough track, they are required to prevent rough 
—e broken frames, excessive wheel loads, and wide variation in 
_ the adhesion of the wheels to the track. When one wheel has less 
aha the other wheels must have more, and if one wheel of a 
- four-driver locomotive, not equalized, drops, say as much as one 
and one-half inches, there is a very great increase in the load that 
is carried by the other driver on the same side of the engine, but 
with equalizers the loads remain nearly the same on all drivers. 
These are the reasons for using equalizers. 
Where complete equalization is desirable, the engine is always 
supported on three points. One is at the centre of the truck or 
ae the centre of one of the driving axles; this is arranged by the use 
4 of a cross equalizer extending between the ends of the springs 
over one pair of drivers. Sometimes, as in the case of a two- 
2 wheel truck in front, a longitudinal equalizer is used between the 
truck and the front pair of driving springs, and in this case the 
centre point of support is placed somewhere on the longitudinal 
oe equalizer and generally underneath the cylinders. 
The other two points of support are located one on each side of 


oe _ the engine and always opposite each other. The location of these 
two supports is generally a “resultant” one; that is, there is no 
ae definite point of support, but there is a reaitltent point, which is 
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different supporting points, which are the fulcrums of the equalizers, 

and the points where the springs are attached to the frames. In 

the case of an eight-wheel engine where the springs and equalizers 

have equal arms, the resultant point is at the centre of the back 

equalizers, one on each side, but in the case of a consolidation 
locomotive it is about at the main driving wheel. 

The third point of support is generally at the front end of the 
engine at or near the truck centre. 

The resultant points are found by assuming one pound as the 
weight at any one of the supporting points and calculating by the 
principle of levers the weight on the other points, and combining 
these weights as forces to find the resultant force and the location 
of the resultant point of support. This can also be done graphi- 
cally. 

From what precedes it is evident that the weight of the locomo- 
tive, or that part of it which is above the springs, will be distrib- 
uted between the resultant points of support at the rear, and the 
single point of support at the centre at the front according to the 
distances of these points from the centre of gravity of that part of 
the locomotive that is above the springs. 

To find the centre of gravity near enough for practical purposes 
requires but little arithmetical work, as only the heaviest parts 
need to be considered. The centre of gravity of the important 
parts taken together, such as the cylinders, frames, foot plates, 
cab, grates and boiler filled with water and fuel, practically coin- 
cides with the centre of gravity of all parts taken together. 
In calculating the centre of gravity to find the weight distribution, 
the wheels, axle boxes and parallel rods should not be considered. 
Only those parts that are above the springs should be taken into 
account. The weights of the parts below the springs should be 
added later to find the rail pressures. 

While equalizers are necessary to distribute the weight on the 
wheels on rough track at slow speeds, they have little effect on the 
weights per wheel at high speed, except in the case of a two-wheel 
truck in the front, which might have too much weight taken from 
it when tlie engine oscillates at high speed if an equalizer were not 
used, but even this would apply only to some special designs. At: 
high speeds the velocity of the wheels over the track is so great 
that there is not time for the wheels to drop down into a depres- 
sion or to follow down the depression of a weak joint or unsup- 
ported section of a rail. Fig. 70 shows how far the body of the 
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locomotive itself — drop, due to gravity at different speeds 

over different spaces, and also shows how much more the driving 

wheel will drop, in an average case, than the body of the locomo- 

tive, owing to the fact that in addition to the force of gravity there 

is also a spring, which accelerates the 

wheel downward. The drop /, due to 
gravity, is given by the formula 


Distance in Feet. 


while the drop due to both spring 


Drop in Feet. 


in which W is the weight of the wheel, S the speed in feet per 
c second, and // the distance from the beginning of the drop to the 
= 7 point where it is desired to find how much the wheel has fallen. 
| a _ J is the initial or normal tension of the spring in pounds; e = 
he stiffness of the driving spring per foot of deflection; g = 32.2 
feet. 

+ Suppose a wheel to have dropped into a depression, then the 
a stress or extra pressure on the track required to lift the wheel 
out will depend upon the slope of the rail coming out of the 

_ depression and upon the speed of the train. 


and rises, and, second, the speed. The faster the speed, the less 

will be the rise and fall, unless the wheel gets into a vertical 

. oscillation owing to regularity and succession of the depressions 

and rises. Vertical oscillations, because of such regularity, prob- 

ably seldom occur. To mount over a rise increases the pressure 

ep % the track in the same way as when the driver is rising out of 
@ depression. 

_ From this it is clear that the weight on the driving wheels at 

= speeds is a variable quantity depending little on the equal- 

-izers and mainly on the speed, stiffness of springs, inertia of the 
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: As a locomotive goes along a track the drivers rise and fall 
Bs, according to two conditions ; first, the depth of the depressio 
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- eating parts, as is explained later. 

Omitting, for the time being, the consideration of the counter- 
balancing, the following factors affect the weight in the manner 
described : 

Given a track with rises and depressions, the heavier the 
_ driving wheel the less will be the distance which it will be forced 
by the spring to drop in a given time, and the greater will be its 
inertia or resistance when being lifted out of a depression or 
over a rise. 

The stiffer the spring, the greater will be the drop of the 
wheel in a given time, and the more will be the increased press- 
ure on the track due to lifting the wheel out of a depression or 
over a rise. 

For a given depression, the shorter the distance in which the 
wheel is lifted out of it or over a rise, the greater will be the 
pressure on the rail. 

As a wheel comes out of a depression or goes over a rise it 
will lift more than it dropped into the depression and more than 
the height of the rise, and if the rise is considerable and the 
speed is high the wheel may lift clear of the track. This is 
practically illustrated by the peculiar wear of rail heads at 
joints, where trains run at high speed always in the same direc- 
tion. 

What is said here about driving wheels is equally true of all 
the wheels in the train, but as the weights of other wheels than 
drivers are less, the increase of rail pressure is also less. 

Rail pressures for the main drivers are affected by the angular- 
ity of the connecting. rods. For locomotives running ahead the 
rail pressures are increased by the push and pull of the connecting 
rods, but for locomotives running backward the rail pressures are 
decreased by the same action. It is evident that the weight of 
locomotive drivers on the rails, as measured by track scales, is only 
the normal weight and is but little indication of the maximum rail 
pressures. This will appear from Fig. 71, which shows the possible 
variation in rail pressures under the drivers due to a locomotive 
travelling at various speeds, due to “excess balance” alone, and not 
including several other factors, which make the rail pressures vary. 

Some very interesting and valuable data about the deflection of 
track under locomotives when standing still have been gathered by 
Mr. James E. Howard, of the Watertown Arsenal, and Mr. ©. F. 
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Delano, Superintendent Freight Terminals of the Chicago, Bur- 
lington and Quincy Railroad at Chicago. These data will be found 
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Variation of rail pressures due to centrifugal force of ‘‘excess balance,” with 
different diameters of drivers. 


in the Railway Review, March 24, 1894. The calculations in this 
paper about lift of locomotive drivers are based on these data. 


THE GENERAL EFFECT OF COUNTERBALANCING ON RAIL PRESSURES. 


The counterbalancing of reciprocating engines has been well 
studied mathematically. For stationary engine work in which it 
is necessary to calculate accurately the effect of reciprocating 
parts, a valuable analysis has been presented to this Society by 
Prof. D. 8. Jacobus. See Transactions, Vol. XI., p. 492. 

For locomotives it has been found that from one-third to one- 
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although on some railroads it is customary to balance all recipro- 
cating weights. The roughness of locomotive service permits a 
decrease of the balance for reciprocating parts of at least one- 
third without causing disagreeable longitudinal oscillations and 
lateral motions of the engine. Some interesting information about 
this matter has been presented to this Society by Prof. Gaetano 
Lanza. See T'ransactions, Vol. X., p. 302. 

The balancing of the revolving weights should be complete, and 
this is done in the ordinary way of balancing fly wheels. 

One fact that has been determined by practical experience sim- 
plifies the investigation of the effect of the necessary counterbal- 
ancing for locomotives ; it is that, so far as the locomotive itself is — 
concerned, the balancing is practically perfect when the balances — 
are placed in the wheels opposite the crank pins, and when all of 
the revolving parts are balanced and not more than 100 pounds © 
of reciprocating parts for light engines, and 300 pounds for heavy 
engines, are left unbalanced. When scientifically analyzed, this 
method of balancing is found to be imperfect, and such analysis _ 
shows that the balancing would be more exact if the counter- 
__ weights were placed not quite opposite the cranks and if an addi- 
tional balance to counteract the effect of the balances on the oppo- 
site side was placed in each wheel at right angles with the crank, but — 
in practice such a plan prevents the duplication of the wheels and 
gives no better results than the simpler plan commonly followed, _ 
that is, if the reciprocating parts be not unnecessarily heavy. The 
effect of putting in the additional counterweight is to increase the 
maximum rail pressure, which is too great under the simpler plan 
of counterbalancing, and, therefore, the additional balance would — 
better not be used unless for locomotives already constructed _ 
where the fundamental design is bad and such balance is added 
for correction of existing evils. A very complete account of the 
value of the additional balance is given in the TZ’ransactions, Vol. 
X., p. 302, Lanza. 

The practical problem of balancing is not one of “how to bal- 
ance,” but of reducing the total weight of the reciprocating parts  —— 
toaminimum. Whatcan be done in this way toimprove locomo- — 
tives is indicated by what has been done in decreasing the weight —_ 
of pistons, cross-heads and main rods. These partson American __ 
locomotives are generally heavier than are necessary for the ser- 
vice, and a reduction of one-half in weight is possible in many cases. 
The average possible reduction may be taken as 40 per cent. for 
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all designs. An example of what can be done and has beendone 
is found in Figs. 72, 73, 74, and 75, which show pistons in com. — 


Fie. 72.—Common form of piston. 
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mon use for the same size of cylinder. The weight of the 
lightest is but 54 per cent. of the heaviest. Even more striking 


Weight without Rod 185 Ibs. 
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Weight without Rod 120 Ibs. 
Forged or Cast Steel or 10% Pure Aluminum Bronze. 
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examples of reductions can be found in crossheads and main 
rods. Itis only within the short time since high maximum speeds 
have become common practice that the effect of heavy reciprocat- 
ing parts has been such as to call attention to the need for 
reductions in weights. Now bent rails and damaged track reports 
are too common to permit further neglect of a proper considera- 
tion of the weights of reciprocating parts. 


res 


Fie. 76. 


= . Fig. 76, taken from the Railroad Gazette, August 24, 1894, p. 
573, is an illustration of what will be caused by a locomotive 
having heavy reciprocating parts, even if perfectly balanced, when 
run at high speed. It is also an equally good illustration of the 
effect on the track of running locomotives in freight trains with- 
out the rods at moderate speed. The illustration teaches the 
need of using the strongest and lightest designs for tle reciprocat- 
ing parts, almost regardless of the first cost, and shows that 
locomotives should not be shipped without the rods, unless 
equivalent weights are put on the crank pins opposite the counter- 
balances. Because of neglect of these two important matters 
short lengths of track, on several roads, have been badly damaged 
within a year, and a few bridges have had tie rods broken. How 
much track has been injured, and how many bridges have been 
weakened by hauling dead engines in freight trains, there is no 
means of knowing, as it is only when the track is quite badly 
damaged, and parts of the bridges are cracked or broken, that the 
track and bridge inspectors discover the damages. Probably it is 
only when the damage is serious and takes place within a very 
short time, and in this way is made impressive, that the inspectors 
will report such damage and give the true cause, 
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No doubt heavy locomotives injure the track more than lighter 
ones because of the greater weight, but it is by no means certain 
that the heaviest consolidation engines, or engines having great 
_ weight per wheel, when run at moderate speeds, injure the track 
as much as lighter locomotives when run at high speeds, yet, if 
the heavier locomotive was run at the same high speeds with 
equal weight of “excess balance,” the effect would, of course, 
be worse. The point of this is, that when track is damaged, par- 


ticularly at the foot of grades, the cause may not always be 


- found with the heavier locomotives having the greatest weight 
_ per wheel, but is more likely to be found with those engines 
having small wheels and heavy reciprocating parts, where the 
number of revolutions per minute is high, although the speed may 
be moderate. 
; An important example of damaged track caused by light 
engines is one that occurred last year on a line where there are 
engines with weights per wheel varying from 13,000 to 18,000 
pounds, the types being eight-wheelers, ten-wheelers and consolida- 
_ tions. The damage was caused by the lightest type of engine 
- running at an excessive speed on a down grade. In another case 
a light eight-wheeler was run without rods in a freight train at 50 
- miles an hour, and the result was two miles of badly damaged 
_ track and two broken bridge rods. In another case a consoli- 
- dation engine was broken down on one side and the rods were 

_ taken off on that side and the engine was run faster than schedule 
speed to make up time. The effect was several miles of bent 
rails. 

The bends are seldom noticeable unless they are as much as 
one-eighth of an inch. Occasionally the bends are as much as one 
inch vertically and half an inch horizontally inwards toward the 
centre of the track, the horizontal bending being undoubtedly due 
to the fact that the rail is supported on the bottom flange and the 
load is applied on top, and generally nearer the inner than the outer 
edge, as shown by the arrow, Fig. 77. It is quite to be expected 
that the rail should bend inward at the top, as such is the case 
with all rolled sections when tested beyond the elastic limit with 
loads applied in the same way. This tendency toward the inner 
bending is no doubt increased by the yielding character of the 
support, viz., the wooden tie under the rail. 

It has been held that the lateral throw of the rear end of loco- 
motives will cause the lateral bending of the rails. It is claimed 
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that when the right-hand crank leads, for instance, and the 
reciprocating parts and rods are on the rear dead centre on the 
right side, there is. sufficient lateral pressure to bend the rails 
inward on the right side. The reasons given are that at that 
point of revolution there is one of the maximum tendencies to 
“nosing,” and the right wheel is on the rail with about the 
normal load, while ‘the left wheel 
excessive speeds is off the rail, 
the left hand counterbalance being 
wp. Tt is held that the rear of 
the locomotive slides to the left 
on the right rail and drags that 
“char b rail with it. It is clear, however, 
that any action of this kind, while 
dail yb ss it might give the rail a long inward 
rin By bend, could not give it a short 
bend inward. If the normal 
weight of the rear wheel on the 
rail was ten tons, the lateral force 
might be as great as 6,000 pounds. 
This is aconsiderable force, and the 
moment of it around the centre of 
n 
uieediell, If the tendency to “ nosing” was 
sufficient to cause this moment 
the lateral shaking would be very severe, and that is one reason 
why this theory is not apparently correct. 

The value of heavy bridge floors, ballasted with rock, as a 
means of reducing the vibration of bridges when locomotives are 
passing over, is apparent from the evident effect of the “excess 
balance” in producing wide and rapid variations of rail press- 
ures, 

Contrary to what one might suppose from the extent of the 
discussion there is nothing to prevent practically perfect counter: 
balancing. Theoretically it is not possible to exactly counter- 
balance the reciprocating parts of a locomotive with a balance 
revolving in the wheel, but practically the weight of the locomotive 
is so great in proportion to the forces remaining unbalanced that 
the engine is not more shaken than can be permitted. To keep 
a locomotive in perfect balance the centre of gravity of the whole 
machine must remain in the same position longitudinally and 
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vertically at all times, but this can only be when the parts are 
moving in such a way as not to disturb the centre of gravity. If 
one part moves ahead another part of equal weight must move 
back an equal distance with the same velocity at all times; that 
is, when the two parts start from the same point. But if the 
parts start from different points the weights or the velocities 
must be different, that is to say, the parts must always so move 
that the centre of gravity is unchanged. If the reciprocating 
parts are heavy and the engine is light, the unbalanced forces 
may be greater than can be permitted, but as engines are now 
built and balanced the result is practically perfect so far as the 
locomotive is concerned. 

The effect on the track depends little upon the method 
adopted for counterbalancing, and is almost wholly fixed by the 
weight of the reciprocating parts. In any given locomotive there 
can be unbalanced forces without shaking the engine too much, 
and the amount of the unbalanced force that can be permitted 
depends upon the gross weight, and, also, somewhat upon the 
length of the engine. The longitudinal shaking, called “ plung- 
ing,” is not affected by the length of the engine, but the lateral 
shaking, called “ nosing,” is generally less with long engines than 
with short ones, as the inertia of the locomotive and the moment 
of the resistance of the friction of the drivers to lateral slipping 
is greater. 

If the cranks on opposite sides of the engine could be placed 
at the same angle, that is, both ahead or back at the same time, 
there would be no tendency to “ nosing,” as the forces that pro- 
duce it would balance. When the cranks are at 90 degrees the 
maximum tendency to “nosing” occurs at the different points 
of revolution on the two sides. This is true of the steam valve 
inertia as well as the inertia of the reciprocating parts. When 
the cranks are at 180 degrees, the resultant force which produces 
“ nosing ” is, in the main, doubled, and, so far as “ nosing ” is con- 
cerned, it is easier to balance locomotives having two cranks when 
the cranks are at 90 degrees than when at 180 degrees. 

Owing to the fact that the counterbalances in locomotive 
drivers are not in the same plane vertically as the crank pins and 
rods which they balance, there is a resultant turning force, tend- 
ing to turn the locomotive laterally or cause “ nosing.” 

Perfection of counterbalance of reciprocating parts is not only 
unnecessary, but quite undesirable, as it increases the effect of 
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the counterbalances on the track. The part of the counterbal- 
ance which affects the track is not that part which is used for the 
revolving weight, as that is balanced in all positions by the re- 
volving parts. Itis the part that is used for the reciprocating 
parts, and known as the “ excess balance,” that injures the track, 
as its centrifugal force is counteracted only horizontally. Verti- 
cally this part of the counterbalance is free to lift the wheel from 
the track or increase the pressure on the rail, and this is the only 
reason why it is very desirable to use as little counterbalance 
for the reciprocating parts as possible. If all counterbalance for 
reciprocating parts is omitted, the effect is to cause “ plunging ” 
and “nosing.” With a given weight of unbalanced reciprocating 
parts and a given speed, the lighter the engine the greater will be 
the oscillation, both in “ nosing” and “ plunging.” The heavier 
the locomotive, the less will be the per cent. of reciprocating 
weight that needs to be counterbalanced. The limit of the coun- 
terbalance that must be used for reciprocating parts is found 
when the oscillations are not too disagreeable for the engineer 
and fireman, and for the mail clerks in the postal cars, which are 
usually run at the head of the train. The “ plunging ” oscillations 
are the only ones that affect the cars, and these, even in rather 
extreme cases, do not extend farther than the third or fourth car 
from the engine. 

The effect of the “excess balance” is peculiar, and has been 
studied by mathematical analysis in a limited way, and by chalk- 
ing the track and running a locomotive over at high speed. In 
such cases it has been found that the drivers lifted from the track. 
The distances between the depressions of the rails correspond 
nearly with the circumference of the driving wheels. The same 
effect is produced to a greater extent when locomotives are hauled © 
over the road at fast freight speeds with the rods removed. In 
such cases nearly all of the counterbalance weight becomes an 
“excess,” and is to be treated just as an “excess balance” for 


reciprocating parts. Damage to the track from this origin has 


caused orders to be issued on some roads that locomotives with- 
out rods shall not be hauled at a speed exceeding twenty miles 
an hour. Professor Goss, at Purdue University, has shown very 
clearly that locomotive drivers lift from the track at high speeds.* 

It was proposed by the Master Mechanics’ Association in 1886 


* See paper No. 625 of this meeting, Transactions A. 8S. M, E., Vol. XVI., 
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(see Proceedings, p. 156), that an apparatus be constructed for 
measuring the effect of the “excess balance,” and drawings were 
made, but the machine was not built. The inefficiency of any such “ae 
apparatus appears from the fact that when strong enough towith- — 
stand the shock its weight would be so great that itsinertia would 
destroy the accuracy of the record. In dynamometer car work 
the car is placed next to the locomotive ; and the oscillation longi- 
tudinally due to the unbalanced portion of the reciprocating Fe 
parts, even on what are considered to be well-balanced engines, is _ 
distinctly visible on the diagram. The effect of the oscillationsis _ 
to cause a variation of the recording pencil, which corresponds 
with the revolutions of the drivers. This small oscillation is = 
neither disagreeable to the engineer and fireman nor detrimental_ , 
to the locomotive. To get perfection of counterbalance, locomo- 
tives have been hung up on chains clear of the track and have = 
been run at high speed. A pencil attached to the front of the * ae 
engine describes an ellipse in a horizontal plane with an axis in- 
clined to the centre of the locomotive. It is possible to add suffi- — 
cient balance and so locate it as to reduce the amplitude of the ~ 
vibrations in a horizontal plane to a very small amount, but ech 
perfection i is not necessary in practice and is not desirable, as it ce 
requires more “excess balance,” and the bad effect on the track © ea a 
is increased. 
The Cycloidal Path.—While it is true that a counterbalance 
travels, with respect to the surface of the earth, in a path that oor 
resembles a cycloid and is, in fact, a trochoid, yet with respect to iy 
the engine the counterbalance travels primarily in a circle, and _ 
only varies from that path with respect to the engine when the z 
rail deflects or the driver lifts from the rail. It seems hardly © + 
necessary to say, that in making calculations about the effect of ro 
the counterbalance, either on the track or on the locomotive, the : aa 
trochoidal path with respect to the surface of the earth need __ 
not be taken into account any more than it is necessary to con- — 
sider the trochoids which the counterbalance describes when 
referred to the path of the earth around the sun, and the still 
other trochoids which astronomers tell us all objects on the sur-_ 
face of the earth are describing in space. The only reason for 
mentioning this fact here is, that it has been said that — 
of the effect of counterbalances are not of much account oe 
they are based on the trochoidal path. The fallacy of such an > 
assumption is perhaps made apparent when one remembers that 
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the effect of the counterbalances is the same whether the track 
stands still with respect to the earth and the locomotive runs 
over it, or the locomotive stands still with respect to the earth 
and the track is moved. The fundamental principles of the 
effect of counterbalances are simple; it is only the varied con- 
ditions of elasticity of track and the angularity of the cranks 
that makes the problem somewhat complicated in practice. 
Extent and Location of Balanced and Unbalanced Forces.—Fig. 78 
shows the plan and Fig. 79 the elevation of the principal driving 
mechanism of an outside cylinder locomotive, that being the 
type now under examination. The cranks are at 90 degrees, the 
right hand crank leading. It will be noticed that the centre of 
the connecting rod is outside of the parallel rod, and the centre 
of the parallel rod is outside of the centre of the counterbalances 
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Right U 
Fie. 78.—Location of forces in horizon- Fie. 79.—Location of forces in vertical 
tal plane. plane. 


in this design. In most fast engines the centre of the connecting 
rod is inside of the centre of the parallel rod. The forces tend- 
ing to rotate the engine horizontally when looking down on 
the engine, are shown by the arrows. The centrifugal force 
of the counterbalances acts practically over the rail line, but 
the centrifugal force of the revolving parts, and the inertia of 
the reciprocating parts, act outside of the rail line. The re- 
sultant of these forces tends to revolve the engine first in one 
direction and then in the other, and thus cause “ nosing.” 
When the cranks are on the opposite end of the stroke from 
that shown, the tendency to revolve in a horizontal plane is in 
the opposite direction. 

The forces tending to produce “nosing” may be divided into 
two parts for examination, first, those arising from the centrifugal 
forces of the revolving parts and their counterbalances. These 
forces are equal, as the revolving parts should always be fully 
counterbalanced. Second, the inertias of the reciprocating parts - 
and the centrifugal forces of the counterbalances that are used 
for reciprocating parts and known as the “excess balance.” 
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The inertia and the centrifugal force of the “excess balance” 
are not equal, as only about two-thirds of the reciprocating 
_ parts are generally balanced, and there is, therefore, a prepon- 
derance of inertia which may be termed the “excess of inertia.” 
This “excess” can be greater on heavy engines than on light 
ones, as a given “excess” will shake a heavy engine less than a 
light one. In this consideration of the forces producing “ nos- 
ing,” the horizontal component of the centrifugal forees is meant 

when those forces are referred to. 

Taking, as an example, the locomotive that has been considered 
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Fie. 80.—Centrifugal forces of the revolving parts and their counterbalance. 


> 
4 
= 


in another part of this paper, Fig. 80 has been drawn to show 
the variation of the horizontal component of the centrifugal 
forces of the revolving parts and their counterbalances, omitting 
the crank pin hub and that part of the crank pin which lies 
within the hub, and also that part of the balance that is used 
for these parts, for the reason that the centrifugal forces of these 


270° 180° 
> 
-masses do not tend to produce “ nosing,” as they revolve nearly 
in the same plane. 


Fig. 81 shows the moment of the forces of Fig. 80 and their > : 


Fic. 81.—Moment of the centrifugal forces causing nosing. 
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- resultant moment around the centre of the engine, and indicates — 
: the tendency to “nosing,” caused by these forces. 
Fig. 82 shows the forces of the inertia of the reciprocating 
parts, and the horizontal component of the centrifugal forces of 
: the “‘excess balance” used for these parts. 
«Fig. 83 gives the moment of the forces in Fig. 82 and their 
resultant, which indicates the tendency to “nosing,” caused by 
_ the reciprocating parts and the “ excess balance.”’ 
Fig. 84 shows the combined effect of the inertia and centrif- 
ugal forces to produce “ nosing.” 
; On these diagrams the lines have the following signification: 
Fig. 80: A B is the horizontal component of centrifugal force 
_ of the right hand back end of the main rod and the crank pin 


270° 180° 
Fria. 82. 
Inertia of the reciprocating parts causing nosing. 


a that is within it. CD, the same for the right-hand parallel rod 
_ and the crank pin within the rod. This last curve is to be taken 

twice in getting the resultant, as the parallel rod has two ends. 
7 A,B, are horizontal components of the centrifugal force of 
that part of the counterbalance used for the main rod as de- 
scribed for line A B. C,D, the same for the parallel rod as 

a described for C D. This last curve is also to be taken twice in 

forming a resultant as described for C D. 
ss The dotted lines show the same data for the left hand side of 
_ the engine, the ordinates of the dotted curves being the same as 
the full curve, but displaced laterally 90 degrees. 

‘Fig. 82: A Bis the inertia of the reciprocating parts on the 

_ right hand side, allowance being made for the angularity of the 
connecting rod. C D, horizontal componcnt of the “ excess 
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Fra. 83.—Moments of the inertia of the reciprocating parts causing nosing. 


balance” used for the reciprocating parts, right side. A,B, = ie 


and give the same data for the left hand side. These are 
the forces tending to produce “nosing,” and that result from the 
reciprocating parts and their balances. The forces producing 
“plunging” are somewhat less in amount, as shown in Fig. 85. 
Lines # and F, Fig. 82, show the inertia of the slide valve. The 
dotted lines refer to the left hand side, and the full lines to the 
right hand side. 

Fig. 83: Line A B is the moment of the inertia of the recipro- — 
cating parts on the right side around the centre of the engine, 
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tending to turn the engine horizontally. Line C D is the moment 
of the “ excess of balance ” on the right side. The dotted lines 
A,B, and C.D, give the same data about the left hand side. 
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Fre. 84. —Combined centrifugal forces and inertia causing nosing. 


ities E and F show the moment of the inertia of the steam 

valve. The heavy curve, 7 F £, is the resultant of these mo- 
ments, and indicates the relative tendency to “nosing,” pro- 


duced by the reciprocating parts at different points of a revolu- 
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The ordinates above the horizontal line indicate the tendency 
to rotate the engine from the right to the left hand side at the 
front, and the ordinates below indicate the reverse tendency. 

Fig. 84: Line A B is the resultant tendency to “nosing” pro- 
duced by the revolving parts and their counterbalance, and is taken 
from Fig. 81. Line C D is the resultant tendency to “nosing” 
produced by the reciprocating parts and the “excess balance,” 
and is taken from Fig. 83. Line #’F is the final resultant, and 
shows a total tendency to “nosing”’ at different parts of a revolu- 


tion. 
Di 
Resultant of the inertia of the reciprocating parts on both sides and the tendency 
to plunging. 


If the centre of rotation is not taken at the centre of the engine, 
but is taken at some other point, the resultant curve would be dif- 
ferent, except in a special case where the centre is«taken at one 
rail. It happens, when one rail is taken as the centre, that the 
variation of the forces follows about the same law, and the result- 
ant curve is the same. An interesting application of this fact is 
as follows: When a locomotive is running at high speed with a 
large “excess balance,” and with drivers of moderate diameter, 
the drivers may be off the rail during nearly a half revolution when 
the counterbalance is up, and at that time the moments may be 
taken with the bearing of the wheel on the opposite rail as a cen- 
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tre. Supposing a case of this kind with the cranks at right angles _ 
and the right hand crank leading, it will then be that the centre 
of motion from zero degrees (that is, when the right hand crank is 
on the front dead point and the motion in the direction of the 
hands of a watch) will be on the left hand side to 90 degrees, and 
then both balances being up, the wheels will be practically all off 
the track at the same time (no doubt this often happens in extreme 
cases), and the moments should then be taken around the centre of 
the engine. At 180 degrees the centre would become the right 
hand rail, and continue so until 360 degrees. Now taking this 
shifting centre, it is found that the moments of rotation in a hori- 
zontal plane that tend to produce “nosing” are the same as when 
the centre is taken on the centre line of the engine. They are as 
shown by line # F' LH, Fig. 84. From this it is apparent that the ~ 
maximum tendency to “nosing” occurs about at 110 and 335 
degrees of revolution when the right hand crank leads. 

The forces acting in a locomotive in motion that have reversal of 
direction and that are difficult to balance are only those resulting 
from the motion of the reciprocating parts, viz., the main steam 
valves, the cross-head, piston and rod and part of the main rod. 
The steam valves are not heavy in proportion to the whole loco- 
motive, the stroke is short at high speeds, and the inertia is 
therefore small and does not shake the engine so much as to 
require independent balancing. If counterbalances are placed in 
the wheels to counterbalance the inertia of the valves, they should 
be placed behind the cranks. It will be seen from Figs. 83 and 85 
that the inertia of the steam valves tends to increase the “ nosing ” 
and decrease the “ plunging” of the engine. The relative amounts 
of the inertia of the valves and other parts are shown in Fig. 82. 

The revolving parts are perfectly balanced by placing in the 
wheels such a mass that its centrifugal force shall be equal to the 
centrifugal force of those parts, and all that need be considered 
about the revolving parts is the fact that the balances in the 
wheels and the revolving parts do not revolve in the same plane, 
and this causes a tendency to “nosing,” which may be counter- 
acted by putting an additional counterbalance in the wheels on 
the opposite sides of the engine. This has been explained in 
Transactions, Vol. X., p. 302, Lanza. 

When a locomotive moves laterally at the front or rear end in 
the track, the point around which it turns as a centre is rather 
difficult to determine, as there are other resistances to motion 
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beside the inertia of the locomotive itself. If a locomotive was 
suspended in chains to test the balancing, as has been done in 
some cases, the only resistance to turning would be the inertia of 
the engine, and, therefore, the centre of motion would be practi- 
cally around the centre of gravity; but when the locomotive is 
running on the track, no material movement of the front or rear 
end laterally can take place without sliding the front or rear driv- 
ers laterally on the rail. Any motion to the extent of the free- 
dom of the body of the locomotive to move independently of the 
wheels, such as is permitted by the lateral freedom of axle boxes, 
would approximately take place around the centre of gravity of 
that part of the locomotive above the springs. ‘This is true of 
such motion as is permitted by the swing motion of the front 
truck, and the front or rear of the engine can oscillate to some 
extent without moving the wheels laterally on the track ; but all 
the reciprocating parts, except tle steam valves, act directly on the 
crank pins which are rigid with the wheels. Therefore, any lat- 
eral movement of the engine that is produced by the inertia of 
these parts must result from some lateral movement of the driv- 
ers on the rail. It is not, of course, necessary that the drivers 
should move laterally so much as the extreme “nosing” of the 
engine would indicate, for the reason that a slight movement of 
the drivers laterally will set up lateral oscillation of the front and 
rear end of the locomotive, the amplitude of which depends on 
the freedom of the locomotive in the axle boxes, etc. So that, 
‘while the lateral motion of the drivers at the front and the rear 
end may be one-half an inch, yet the freedom of the locomotive 
in the axle boxes may permit a motion of two inches, and the 
amplitude of the “nosing” would be two aud one-half inches. 
Slight lateral movement, due to the inertia of the reciprocating 
parts, may set up quite an appentiane oscillation at the front 
and rear ends. 

In determining exactly the centre of motion around which the 
locomotive would turn horizontally under the effect of the recip- 
rocating parts, the resistance of the wheels to slipping laterally on 
the track must be taken into account. But this is difficult,as the 
pressure of the drivers on the rails is variable. However, in prac- 
tical cases, only the maximum effect of the reciprocating parts 
need be considered. This takes place when the cranks are near 
the dead centres forward and back. Commencing with the right 
hand side, with the locomotive moving ahead and the right hand 
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crank leading, the pressure of the right hand drivers on the rail, 
when the inertia of the reciprocating parts is greatest, namely, at 
the ends of the stroke at 0 degrees or 180 degrees, is approxi- 
mately normal; that is, it is about the weight of the locomotive 
on the track when standing still. On the opposite side of the 
engine, at the same instant, the pressure of the drivers on the 
track is more than normal, as the counterbalance on that side is 
down. When the right crank is at 180 degrees the pressure of 
the left wheels on the track is less than normal, as the counter. 
balance on that side is then up. It will accord with practice, 
near enough for a general discussion, if it is assumed that, when 
the counterbalance is up, there is no pressure on the rail, and, 
when the counterbalance is down, there is at least double the 
normal pressure on the rail. In this way it is found that the 
resistance to lateral movement of the wheels on the track, and, 
therefore, the resistance to lateral oscillation, is greatest when 

the two cranks are up—that is, the right crank is about at 215 

‘degrees—and it is least when the right crank is at 45 degrees. 
_ However, at high speeds, the peculiar motion of the centre of the 

_ driving wheel vertically in the frame jaws makes it practically 
- impossible to determine where the real centre of motion of the 

engine during “ nosing” is; but, wherever it is taken, the “ nos- 

ing,” by calculation, will be found to be practically the same as 
when it is taken on the centre line of the engine. 

_ With the right hand crank leading, the tendency to oscillation 

_is slightly greater toward the right than toward the left at the 
_ front end and the reverse at the back end, see Fig. 84. If the 
left hand crank leads, the opposite is true, but as the amplitude 
nosing ” is more dependent upon the freedom of the locomo- 
_ tive in the boxes than upon the lateral sliding of the wheels on 
the rail, it is not generally the case that there is an important 
. preponderance of oscillation to the right of the centre of the 
track, or, practically, any more flange pressure on the right rail 
because of this action when the right crank leads. 

Plunging.—The reciprocating parts and their balance are alone 
the parts that affect “ plunging ” after the train has been raised 
i a speed of 30 or 40 miles an hour. At lower speeds the vari- 
_~ of the moment of rotation, or torque, at the axles may 
- cause a lurching forward of the locomotive when the torque is 
. growing to a maximum, and a slight recoil as the minimum ap- 
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_ Fig. 85 shows the “ plunging” which may be expected from the 
inertia of the reciprocating parts. The polar curves, W, X, Y, Z, 
‘ give the horizontal effect of the inertia of the reciprocating parts 
on the axle boxes as shown by the full lines for the large wheel, —_ 
Fig. 86. The dotted curves, Y and Z, Bee oe 
Fig. 85, represent the left hand side, and Se i 
are so located that the distances OP and 
OQ show the forward or backward tenden- 
cies for the point of revolution R on both 
sides. Below the polar curves, the crank 
circle is developed to form a straight line, 
and the polar ordinates are laid out verti- - 
cally for the purpose of drawing a result- | wy a 
ant line. Line AB is the pressure, for- 
ward or back, from the right hand reciprocating parts, and 
CD from the left hand. A,B, and C,D, are the pressures from 
the “excess balance” taken from Fig. 87. The lines HF and — 
GH are the steam valve inertias, the dotted line being for the 
So 
hus 
un 


bag 


Fie. 87.—Pressure of inertia of reciprocating parts on axle box. houlw fl 
left hand side. The pressures ahead are above the horizontal _ 
line, and the pressures back are below. The curve JJ is the | 
resultant of these forces and represents the relative tendency — a 
to “plunging” at different points of a revolution. The tant 
is, at a maximum, about at 60 and 240 degrees. 
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The “excess balance” used for these diagrams is two-thirds 


of that required to approximately counterbalance the recipro- 
cating parts, and accords with common practice. 


_ ss VARIATIONS OF RAIL PRESSURE DUE TO VERTICAL OSCILLATION 
OF . DRIVERS. 


In 1886 the roads leading from New York city to Chicago were 
competing in speed, and there was much discussion about the pos- 
sibility of making the run in eighteen hours. One road wishing to 
do this wanted an eight-wheel type of engine that would not 
weigh more than 12,500 pounds per wheel, and this did not per- 
mit the necessary boiler capacity. The writer, in developing 
plans for an eight-wheel locomotive to do the work, and dis- 
cussing the effect on the track, held that the maximum pressure 
on a. rail was due to two independent loads—one the static 
load of the locomotive, and the other the impressed load due to 
the centrifugal force of the counterbalances when the locomo- 
tive is travelling at high speed. It was then brought out that 
the impressed load was frequently, on the road in question, 
nearly three times the static load of the locomotives in use, so 
that a locomotive weighing 20,000 pounds per wheel would not 
cause so great a maximum wheel load as some of the engines in 
use, provided the wheels of the heavier locomotive were made 
large in diameter and the weight of the reciprocating parts 
reduced. At that time, in further developing the comparison of 
wheel loads, the complication of the problem, when considered 
theoretically, was found to be such that a solution seemed well- 
nigh impossible. The elements of the problem indicated that 
the maximum and minimum rail pressures do not occur when 
the counterbalance is down or up, as might at first be sup- 
posed, but instead these occur either before or after the counter- 
balance has reached the upper or lower positions, according to 
the conditions of the action of the engine at the time. The 
analysis made at that time was based on the assumption that the 
whole driving wheel and all its attachments could be taken as a 
revolving body rotating on a centre not coincident with its 
centre of gravity; also that for all practical purposes the 
angular velocity could be considered uniform, as the wheel has 
much stored energy and is revolved by the track even when the 
forces tending to produce revolution are small, and thus the 
stored energy of the whole train is available to keep the rotation 
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ae! the upper and lower positions of the counterbalance. 


zi Br the rail. Further, it was then believed that the friction of the 


ty of the driver uniform up to the point where the resistance of the 
v s driver to rotation (due to the inertia resulting from the oval path 
of the centre of gravity) is equal to the adhesion of the driver to 


axle box in the frame jaws was so small relating to the other 
forces acting, that its effect on the character of the rotation might 
be omitted in a practical analysis. Even with this simplification 
the analysis seemed too‘complicated for solution with reasonable 
accuracy. 

In 1888 Prof. Gaetano Lanza, after a brief consideration of the 
specific problem presented to him by the writer, gave the opinion 
that the maximum and minimum rail pressures did not occur at 


On several occasions the technical papers have asked in their 
~ eolumns for a solution of the problem, but the first useful infor- 
- mation was gathered in 1891 by the late Prof. Arthur T. Woods, 
- member of this Society, who made an experiment with a model 
- under assumed conditions, the results of which showed that under 
those conditions the maximum and minimum rail pressures did 
not take place when the counterbalance was directly up or down. 
These results were given first in the Technograph, 1891, and after- aa 
wards in the Railroad Gazette, August 14, 1891, p. 560. a 
Last year Prof. W. F. M. Goss, of Purdue University, Indiana, ss “a 
kindly consented to determine from his test locomotive some 
fundamental facts about the revolution of a locomotive driver, 
and he devised the plan of putting an iron wire between the 
driver and the carrying wheels to learn where the driver left 
the rail and where the pressure was greatest. The results 
showed that the maximum lift and maximum pressure did not ~~ 
occur when the counterbalance was directly up or down, and, —_—| 
further, that succeeding revolutions did not give duplicate results. = 
This last. Professor Goss attributed to the fact that the engine 
rolled sidewise on the driving springs and so varied the pressure 
on the rail. 
This year Mr. R. A. Parke, of New York city, becoming: = = 
interested in the problem, made a mathematical analysis of the 
character of the revolution of a driving wheel, and presented _ 
the result in a paper before the New York Railroad Club, which 
was published in the Proceedings in February, 1894, and after- __ 
wards given quite fully in the Railroad Gazette, February 23,1894, __ 
p. 136. Mr. Parke’s conclusion was, that the character of 
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the rotation was such that the maximum and minimum rail 
pressures occurred when the counterbalance was directly above 
or below. Later Mr. Parke found that his analysis did not take 
into account all of the conditions, and being occupied with other 
important work was unable to proceed further with the theoretical 
investigation. 

During the early part of the present year some practical work, 
on which the writer was engaged, demanded the completion of 
the investigation, and it was thought best to call for expert assist- 
ance in the mathematical work, and Prof. J. Burkitt Webb, a 
member of this Society, kindly consented to undertake the solu- 
tion, and his results were received in September. The problem, 
as presented to Professor Webb, was as follows: = 

Angular velocity, constant. whe q 

Driving wheel held from horizontal oscillation, and can only 
move around the centre of motion, which centre is the driving 
box, the driving box being held by the spring of the rail below 
and the driving spring above; and the driving box can oscillate 
vertically between the guides that are held, for all practical pur- 
poses of this problem, rigid in a longitudinal direction. 

The mass of the driving wheel is considered as concentrated 
at its centre of gravity, which centre of gravity does not coincide 
with the centre of motion. 

Professor Webb’s analysis is given in the Appendix to this 
paper. In general his conclusion is that the exact general solu- 
tion of the problem is more complicated and less practical than 
the method of approximation which he has offered. Also, that 
the path of the centre of gravity of the wheel, which is, of course, 
the thing sought, is not an ellipse with a vertical axis, neither is 
it an ellipse at all, but a combination path having no regular 
geometrical figure; and the maximum lift of the wheel and the 
maximum pressure on the track may not take place at the same 

points in two successive revolutions. Further, in applying the 
method of approximation, it is necessary to take some motion, as 
a basis to start from, in which the angular velocity is the same 
as in the specific case, and following the body around in its 
revolution with mathematical calculation until succeeding revolu- 
tions repeat, or nearly repeat, in character; but it must not be 
expected that the motion will repeat indefinitely. 
A simple expression of the formula for the approximate path is 
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The distance of the centre of the axle box above or below the = 
normal position, when the wheel is at rest, for any angle of revo- © ‘a 
lution a from the top quarter, is: = | 

U* — 0? O 
The velocity of the wheel in its vertical path at any angle of oe 
revolution @ from the top quarter is : 28 

Ves sin. a — Ub sin. (a — B). ghiates 
In these equations the origin is taken, for simplicity’s sake, at 
the top quarter; that is, when the crank is 270 degrees from the 
front dead point. 
) S is the distance of the centre of the wheel above the position 
which it has when the locomotive is at rest. -: 
V is the vertical velocity of the centre of the wheel in the frame © 
jaws. 


S=—P+ 


_I-WN 
and the spring of the rail combined, divided by the stiffness of 
the driving spring. The stiffness is the resistance per foot of de- 

flection. 
r is the distance in feet between the centre of the wheel and _ 
the centre of gravity of the wheel. | 
O is the angular velocity of the wheel or the velocity in feet of — 
a point at the end of a one-foot radius. ee 
U is the square root of the “specific strength” of the driving __ 
spring, or of the driving spring and the spring of the railtaken __ 
together, according to whether the wheel is on the rail or off, the 
equation having different values of constants for the two condi- 
tions. The “specific strength” of a spring is the resistance per __ 
foot of deflection divided by the mass of oscillating parts; itis 
the stiffness of the spring per unit of mass of the oscillating parts. | 
a is the angle of revolution in degrees from the top quarter, 
which is 270 degrees of revolution from the front dead point. = 
b is a constant that depends on the conditions. Cae, -* | 
B is an angle in degrees that is constant for each one of the __ 
different equations. 


d, in which N is the stiffness of the driving spring 


To apply these equations it is only necessary to assume the driv- 
ing wheel to be in any definite place vertically for any position of 
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the crank and to have any vertical velocity either up or down. It is 

evident that as the wheels bound along over the track they have an 

infinite variety of positions in the frame jaws, and their positions 

have no regularity. So that any reasonable values within the 

limits of the machinery can be given to S, a, and V, and the verti- 

cal oscillations may be studied without getting outside of practi- 

cal cases. Perhaps the simplest thing to do is to take the value 

of S and V as zero, and a as 90 degrees, and then go forward 

with the work by substituting these values in the equations and 

solving for 6 and B. This is simple algebraical work. Then 

‘substitute 6 and B, and let a increase indefinitely, and note the 

changes of S. 

This formula does not take into account the effect of the fric- 

tion of the axle boxes in the jaws of the frame on the shape of 

| Zz path, as the friction is itself an irregular variable, and would 

per have made the solution more complicated than is practically 

es = The effect of friction is to alter the shape of the 

path, and the extent of the alteration is dependent upon the 

_ amount of the work done on the body by the friction during a 

‘ e _ revolution, in comparison with the forces acting to produce rota- 

tion and the stored energy of the body. The following shows 

approximately the work done by friction and the stored energy 
the practical example now being considered: 


y 


Fig. 88.—Indicator cards for specific example. 


Fig. 88 shows typical indicator cards from a locomotive at 70 
miles an hour, modified to allow for an increase of speed to 90 
ag os miles, which is the condition of the assumed case. This is, of 
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: course, an approximation, but will answer for the purpose of a 
indicating a probable effect of friction on the shape of the path __ 
of revolution of the centre of gravity of the driying wheel. 

Fig. 89 shows the effective steam pressure on the pistons, _ 
allowing for back pressure and the pressure on the axle boxes 
against the jaws of the frame, against which they slide vertically, — 
allowing for the obliquity of the connecting rods. The polar 
curves around the centre of the axle show the variations of the _ 
pressure on the axle box against the jaws caused by the steam | 
pressure on the piston. The dotted curves show the effect of __ 
using small drivers; the pressure is decreased during the first __ 
quarter and increased just after the rear dead point. The 
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Fie. 89.—Axle-box pressures due to steam pressure on piston. L salt 
at 
smaller the driver for a given length of crank, the greater is the — oe 
variation of this pressure. The small curves, A and B, show the © 
relative amounts of the pressure of the piston that goes to the e 
contact of the rail and the wheel at C and to the axle box. The ae 
fact that more of the force of the piston pressure goes to the rail © og 
in the case of the small driver, as is shown by the dotted curve | cS 2% 
B being larger than A, is not important, but only shows what is 
well known; namely, that for the same piston pressure, a loco- sek ee 
motive will pull more with a small wheel than with a large one, — 
provided, of course, that the adhesion is sufficient to prevent a 
slipping. The direction of the axle box pressure is readily 


understood from the curves of steam pressures given on the ae ae 
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are to the right, and pressures below are to the left. The right 
hand side of the engine only is shown in this figure. The 
amount of pressure at any point of revolution is the length of 
the radial line drawn from the centre to the polar curve as at F 
for the point of revolution G. The method of dividing the pis- 
ton pressures into two parts, namely, that going to the axle box, 
and that going to the rail, is indicated on Fig. 86. 

Fig. 87 shows the pressure of the axle box on the frame jaws 
that is due to the inertia of the reciprocating parts. The lines 
AB and CD are the curves showing the inertia of the piston at 
different points of the stroke, allowance being made for the 
obliquity of the connecting rod. The straight dotted lines indi- 
cate the inertia when no allowance is made for the length of the 
rod and assuming pure harmonic motion of the piston. The 
large polar curves, H and /’, show the pressure that goes to the 
axle box, and the small curve, G and H, shows the pressure that 
goes to the rail contact. The dotted polar curves show the 
pressures for small driving wheels. 

The method of laying out these polar curves graphically is as 
follows : 

The line of the connecting rod, as P Q, is extended to meet 
the vertical line at A, and a horizontal line, R S, is drawn as 
shown. The force P7 is laid off horizontally at U and V, and 
lines are drawn from U to W and from V to the centre. The 
distances R S and # X represent the pressures on the axle box 
and rail contact respectively. The forces are then laid off on 
the line of the crank as at Y.. This graphical method was used 
in describing the polar curves on Fig. 89. 

Besides the axle box pressures due to the steam pressure and 
the inertia of the reciprocating parts, there is that due to the 
“excess balance ” that is used for the reciprocating parts. This 
is determined from Fig. 86, in which the curves 4 and B are the 
polar curves giving the horizontal component of the centrifugal 
force of the “ excess balance,” such as O Y for any point of revolu- 
tion G. The centrifugal force of the strictly revolving parts and 
their balances practically balance each other, and need not be 
considered in determining the friction of the axle box in the 
guides. 

Taking the friction between the axle boxes and the jaws as one 
per cent., these parts being well oiled and the boxes free to move, 
Fig. 90 shows the total axle-box pressure at different points of the 
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Fie. 91.—Path of centre of grav- 
es ity around centre of motion 
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Fig. 90.—Axle-box pressures for back Brow dat 
driver, and the effect of friction on the | 
shape of the path of the centre of 
gravity. 
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revolution and at different parts of the vertical path of the axle- 


box in the frame jaws. The vertical path is taken 


a8 corresponding with a typical oscillation deter- 


mined by the calculations which give Fig. 91, 
except that to simplify matters the axis of the 


typical path of the centre of gravity is taken as 


___- vertical instead of inclined. The degrees of revo- 
ution are marked on the diagram, and the hori- 


- gontal distances to the right and to the left indi- 
~ eate the resultant of the several axle-box pressures 
determined from Figs. 89, 86, and 87. The shaded 
_ Sections show where the area of the curves over- 

lap, and the sectioned parts are to be taken twice 


ie y in finding the work done per revolution in over- 


coming the friction of the axle box in the jaws. 


rectangle ABCD is proportional to the 


pe 
> 


_ stored energy in the wheel due to its maximum 
vertical velocity in the frame jaws, and the rect- 
angle A EFD is proportional to twice the work 


done in overcoming the friction during a full ver- 
_ tical oscillation up and back. 
The effect of the friction on the shape of the 
_ path of the centre of gravity must be small, as 
these rectangles indicate. The irregularities in 
: the track affect the shape of the path so much 
_ that the friction may be neglected. 
The extension of Professor Webb’s analysis 
of the special case is given in Fig. 92 from A 


_ to B. The labor required to make the calcu- 


lations is so stupendous that the extension was 
discontinued at B. The work involves very close 
calculations of the junction angles and no incon: 
siderable amount of labor in determining the 

_ values of 6 and B in the equations. It must be 
remembered that for every change in condition of 
_ revolution, that is, whenever the wheel leaves the 
rail or returns to it, a new equation must be 
_ used, and to determine the values of the con- 
stants in each new equation, the junction angles 
and velocities have to be accurately calculated. 

_ The labor in this work was much reduced by tabu- 


Fic. 92.—Position of centre of gravity of back driver, with respect to rail, during succeeding revolutions. 
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lating the values of the repeating factors in the equations, and 
by having printed forms of the typical equations and of the © Bi 
elementary processes of solving the equation for the new con- 
stants. 

The similarity of the repetitions at A, C, B indicate that there  __ 
is a tendency to repeat the path after a number of revolutions, _ 
but it has been impossible to carry the work far enough to de- 
termine this, and it would not be of any practical value to doso, 
for the reason that all that need be sought for inthis line of 
investigation has been gained; viz., it has been found thatthe _ 
maximum lift of the drivers does not commonly occur when the 
counterbalance is directly up, neither does the maximum rail __ 
pressure occur when the counterbalance is directly down. These 
maximums may take place either before or after the upper and 
lower points, according to the conditions under which the wheel — 
is revolving at the instant. Slight changes in the elasticity of | 
the track will throw the maximum point to one side or the 
other of the vertical line, and as there is, theoretically, no reason ae ee 
why the maximum lift or depression should occur on the vertical = 
line, it may be taken as a fact that such will not be the case even 
as an average of all the multitude of maximum lifts and depres- _ 
‘ sions occurring in practice. 

That the path of the centre of gravity around the centre of 
revolution is not an ellipse with a vertical axis, but is, instead, a 
compound path with its long axis generally inclined, is shown 
by Fig. 91, whereon have been plotted all of the paths calculated 
up to this time for this special case. It is noticeable that suc- _ 
ceeding paths do not duplicate each other, and the reason for 
this is to be found, not in the oscillation of the engines, but in 
the nature of the conditions under which the revolution of the — 
wheel takes place, even supposing the engine to be rigidly meng 
and prevented from all longitudinal and vertical movement. mee 

Friction not having been considered in the calculations for — 
these curves, it may be expected that in actual practice the 2 ; 
modification due to the friction of the axle boxes, sliding verti- __ 
cally in the jaws, would be appreciable, but not enough to alter 
the useful conclusions which can be drawn from the results of 
calculations made without including friction. The small rela-_ 
tive ratio of the work done by friction per revolution to the — 
stored energy in the oscillating body im the direction of the 


path of oscillation is shown in Fig. 90. 
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The numbers on Fig. 91 show the points where the equations 
change. From 0 to 1 the wheel is on the rail, from 1 to 2 it is 
off the rail, and from 2 to 3 it is on 

again, and so on; commencing with 
eal each even number the wheel is on 
the rail until the next odd number 
is reached, and from each odd num- 
ber the wheel is off the rail until 
the next even number is reached. 
Figs. 93 and 94 show typical suc- 
ceeding oscillations for which the 
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Fie. 938.—Example of succeed- 94.—Example of succeeding 
ing revolutions. For data, see revolutions, For data, see 
Table A. Table A. 


ere 
19 16 [| 
y 
| 
— 


“RAIL PRESSURES OF LOCOMOTIVE DRIVING WHEELS. 


é 


VALUES OF Initial 


velocity. 
— Feet per 
second. 


“Degrees. Degrees. 


+6.28 
—7.19 


+8.83 


+11.22 
—11.07 


the reasons why wneniing pathe do not duplicate « each other 
will find in this table the necessary information for vervensac onl 


discussion of the reasons. There is not room in this paper, — : 


which is intended to show the practical bearing of such facts as _ 
have been collected, for a mathematical discussion of the ele- 
ments of the succeeding paths. % 

The maximum amplitude of the oscillations given in Figs. et: 


and 92 is very great, and is more than is reasonable to expect 
in actual practice. This result of the mathematical analysis was 


+6.96 


410.799 


42.40 
—§.43 


disappointing at first, but now it is seen that it was assumed __ 


that the elasticity of the track is practically indefinite, while in | 


fact it is limited to a small range of motion, which is much less’ “a Re 


than is shown on the diagrams. The elasticity taken was that 


determined by Delano and Howard, as before mentioned, and — ye 
applies only to a very short range, certainly not more than;j; 
of a foot. The depression of the track, therefore, that is given _ 


on Figs. 91 and 92 is false in dimension but true in type, and 4 | 


the same may be said of the maximum lift. There is noway _ 
of calculating the average lift of a driver from the track, how-— 


ever comprehensive the mathematics, for the reason that the “2 ae 


elasticity of the track on the ties, between the ties, and at the 
joints is different. Further, the relation of the vertical oscilla = 
tion to the degrees of revolution is quite flexible and not direct, = 


so that slight variations in the flexibility of the track may pro- 


5-6 .209 | .167 | .898 .632 
— 67 0 .025 .072 2.24 119.85 | 145.65 
Es .209 | .167 | .551 682 | 363.92 | 250.00 
0 .025 | 2.24 93.73 | 124.18 
. 9-10 | .209 | .167 | .505 | %.632 | 847.72 | 225.12 
15-16 | .209 | .167 | .664 .632 | 3870.62 | 252.72 ] 
16-17 0 025 | .185 | 2.24 106.12 | 139.21 | = 
17-18 | .209 | .167 | .716 682 | 359.25 | 282.95 
18-19 0 025 | .188 | 2.24 | 91.02 | 124.90 
19-20 | .209 | .167 | .648 .632 | 347.65 | 218.90 
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duce wide variations in the relative positions of the wheel verti- 
cally and the crank in the crank circle. 
No doubt, if the mathematical analysis of the vertical oscillation _ 
- of two engines, at the same speed and with the same assumed | 
rail elasticity, shows that one has more lift than the other, then 
there will be under equal conditions in service more lift with one 
engine than with the other. In this way the equations have a 
practical value, that is, in comparing engines. 
BFFECT OF COUNTERBALANCING ON TIRE WEAR. 
The effect of the “ excess balance” on tire wear must be con- 
siderable when the revolutions per minute are as great as they 
are with large drivers at very high speeds and small drivers at 
moderate speeds. The relative forces with large and small drivers 
are perhaps best shown by Fig. 71. It has been shown both math- 
ematically and by the results of the practical experiments at 
Purdue, that with drivers of ordinary diameter the tires are off 
the track for a considerable portion of a revolution at 60 miles an 
hour, when the “excess balance” is about the ordinary amount. 
Omitting the wear of brake shoes, which ordinarily do not wear 
the tire where it bears upon the rail, it is evident that if the 
average locomotive should be continuously run at 70 miles an 
hour there would be one point on the tires, except the main tire, 
that would never touch the rail and would therefore never be 
worn. The main wheels do not lift as much as the back wheels, 
that is when running ahead, for the reason that the obliquity of 
the main rods. causes a downward pressure on the track, which 
counteracts somewhat the lifting tendency. 
In looking for the causes of flat spots on driving tires of fast- 
moving locomotives, the first point of importance is to find the 
part of the revolution where there is the least wear. This point 
will generally be found following the crank, that is at a point 
where the tire touches the rail when the crank has passed the 
90-degree point or lower quarter, the engine running ahead, that 
being the place where the driving wheel will probably most fre- 
quently have the maximum lift. An examination of worn tires 
of high-speed locomotives shows this to be the case. There 
are causes of tire wear other than the abrasion due to rolling 
contact, the principal cause being the slipping of the tires in 
starting up a heavy train. The “imperceptible slip” which has 


- been said to exist has never been proved to take place after the 


_ engine has reached an ordinary speed, say of 10 miles an hour, 


but it occurs sometimes at slow speeds when the engineer is 
quite expert in handling the throttle. It can be seen when a 
heavy train is being started and the locomotive is moving at less 
than 5 miles an hour. It is due to the non-uniformity of the 
moment of rotation produced by the steam pressure on the pis- 
tons. The maximum moment when the slipping occurs is slight- 
ly greater than the adhesion of the drivers, and for a few degrees 
of revolution the drivers slip slightly. However, locomotives 
are not generally run in this way, for the reason that when the 
balance between the moment of rotation and the moment of 
adhesion is so delicate, the change in the coefficient of friction, 
caused by a slippery place on the rail, permits the engine to 
slip violently. For various reasons, engineers are required to 
avoid this. Instructions are generally given to slip the drivers 
as little as possible. The writer made experiments in 1891 ona 
heavy grade 17 miles long, of about 117 feet per mile, on the Balti- 
more & Ohio Railroad (see Railroad Gazette, November 27, 1891, 
page 832), to determine whether, under the extreme conditions 
of hauling a heavy load, there was any slip after starting. The 
results showed that the drivers made the same number of revo- 
lutions when going up the hill with a heavy train as when com- 
ing down without load. 

Tires.wear both by pulverization of the steel due to rolling 
contact and by abrasion, and, as the points of maximum wear of 
each kind do not always coincide, it is difficult to predict where 
the most worn places will occur, unless all the conditions of 
speed and service are accurately known. The maximum rail 
pressures occur with greater uniformity for back drivers than for 
main drivers, for the reason that the vertical component of the 
piston pressure due to the angularity of the connecting rod 
varies with different cut-offs and modifies greatly the points of 
maximum rail pressures. It is only in cases where locomotives 
are run quite uniformly in speed and piston pressure that it is of 
any practical use to examine the relation of the positions of 
points of maximum rail pressure and the points of maximum 
wear. 
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(a) The present method of counterbalancing locomotives by 
_ providing in each driver a balance sufficient to fully counter- 
balance all the revolving parts, and an additional balance, known 
a as the “excess balance,” which has a centrifugal force equal to 
- about two-thirds of the maximum inertia of the reciprocating 
parts, is practically perfect so far as the locomotive itself is 


CONCLUSIONS. 


concerned. 


_ (b) The “ excess balance ” now often used for the reciprocat- 


on ing parts is too great for speeds above sixty-five miles an 


4 hour, with drivers less than six feet in diameter, as the track 


is liable to be damaged by the excessive rail pressure which it 
causes. 
(c) The only practical way in which the “ excess balance ” can 


aa on be reduced is by reducing the weight of the reciprocating parts, 


« 


and as these parts are generally made heavier than the service 

demands it is possible to reduce the “ excess balance ” to a point 

_where the rail pressures will not be destructive, provided that 
ti the diameter of the drivers be made suitable for the speed. 

(d) The larger the driver for the same speed and weight of 
| Mamgrenating parts, the less will be the maximum rail pressure 
caused by the “ excess balance.” 

(e) The heavier the locomotive, the greater is the amount in 
= of the reciprocating parts that can remain unbalanced 
without causing the locomotive to shake, in “nosing” and 

“ plunging ” more than can be permitted. Itis not the percentage 
_ of the total weight of the reciprocating parts that should be con- 
_ sidered in selecting the “excess balance ” ; it is the actual weight 
a in pounds that can remain unbalanced ‘without shaking the 
engine too much. If one-third of the weight of reciprocating 
parts weighing 600 pounds cn remain unbalanced, then, if those 
_ parts be reduced to weigh but 400 pounds, one-half can remain 
- unbalanced, and “excess balance” will be needed for but 200 
_ pounds instead of 400 pounds of reciprocating weight. 

_ (f) The maximum rail pressure of a driving wheel is not at all 
4 indicated by the static load of the wheel on the rail. The im- 
by BF ar mcees load due to the “excess balance” is often double the 

static load, and the pressure at the point of impact when the 
fe oe wheel lifts from the rail and drops is even greater. There 
appears to be no way of determining what the impact pressure is, 
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but the impressed load due to the “excess balance” can be 
calculated by the formula for centrifugal force. About all that 
is known about the impact pressure is that it is enough at times 
tc bend a seventy-pound rail downward vertically one inch in 
cases where the engine has small wheels and is run too fast, or 
has the rods taken off and is run at moderately high speeds, or 
has improper counterbalances. 

(g) The speed at which any given driver will begin to lift from 
the rail is probably less than that at which the centrifugal force 
of the counterbalance equals the pressure of the wheel upon the 


rail, as at speeds lower than that the wheel has small vertical 
oscillations that may carry it off the rail. But the lift will not 
be important until the speed has increased to a point where the 
centrifugal force of the ‘“‘ excess balance” is somewhat greater 
than the pressure of the wheel on the rail. 

(h) The exact height of lift of a wheel in any given case is de- 
pendent upon so many unknown and variable quantities in prac- 
tice, such as the flexibility of the track and the rhythm with which 
points of equal flexibility succeed each other in the direction in 
which the locomotive is running, that it is impossible to predict 


what it will be. 


But it is sufficient to know that for the good of 


the track, and to prevent broken and bent rails, and for the safety 
of a train following a locomotive, it is not prudent to run a driv- 
ing wheel at a speed where the centrifugal force of the “excess 
balance ” exceeds the pressure of the wheel upon the rail. 

(t) All driving wheels for fast locomotives should be as large 
in diameter as it is possible to make them and not decrease the 
power too much. in starting trains. 

(k) The path of the centre of gravity of a wheel, with respect 
to the engine during a revolution, is an oval figure with the long 
axis more nearly vertical than horizontal, the inclination of the 
axis varying constantly, owing to the difference in the elasticity 
of the track at different points, and to other causes. 

(1) The heavier the driving wheel and the parts under the 
driving springs, and the stiffer the driving springs, the less will 


be the lift from the rail, all other conditions being equal. 


19 
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ANALYSIS OF PATH OF CENTRE OF GRAVITY OF DRIVING WHEEL.* 


Simplification of the Problem.—The awis of the driver is to re- 
_ main horizontal and perpendicular to the track; i. ¢., fixed in 
dtreclion. 

_ The motion of any body with a thus fixed axis can be no more 
than a translation plus a rotation about its axis. In this case the 


translation must be a vertical one. 


A body so moving may be replaced at will by any other body 

Ss having the same mass, the same centre of gravity, and the same 
radius of gyration, without in any way affecting the motion. 

The driver may, therefore, be supposed to be simply a right 

_ line with two equal masses at the ends of it, whose sum equals 

_ the mass of the driver. and whose distance apart equals twice the 

_ Tadius of gyration. The centre of gravity of the driver will be 


AS Rad. of Gyration Lid 


K 


K 
Centre of Gravity 
Fie. 95. 


a Each of the half-masses is supposed to be concentrated in a 
sphere (say) of differential radius, so that it will have no moment 
_ of inertia about its own centre. If it were necessary to make a 
- model of the thing, so that we could not suppose differential 


a " by their centres, so that they would not rotate when the whole 


arrangement revolved around a point in the line. This concep- 


3 : _ tion is illustrated in Fig. 96, where vertical lines on the half- 


- masses are shown remaining vertical in spite of the revolution 


* This analysis was prepared for the writer by Prof. J. Burkitt Webb, mem- 
ber of this Society. 
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ara? 


about the centre of gravity (or any other point in the line or out 
of it). 
The journal bowes (all non-revolving parts) at the centre of the 
driver may be added to a the driver as concentrated masses, like 
those in Fig. 95. We thus obtain 
Fig. 97 as our simplified concep- 
tion of the driver plus its journal 
boxes. 


Mass of 
mY 
2 
Fie. 96. Fie. 97. 


We now calculate a new centre of gravity and a new mass and 
radius of gyration. 

The new mass = mass of driver + mass of journal boxes. 

The new centre of gravity will be at a distance from the centre 
of wheel 


old mass 


= old distance x — 
new mass 


The new radius of gyration will be measured from the new 
centre of gravity and will be equal tothe __ 


are 


new moment of 
> 


and the new moment of inertia will be equal to the old moment 
+ journal box mass x (old distance to centre of gravity)’ 
new mass x (old distance — new distance)’. 
_ Simplified driver and boxes.—We thus reduce Fig. 97 to Fig. 98. 
In the same way, half of the parallel bar should be considered 
as a mass concentrated at the centre of the crank pin, and the 
whole, driving wheel, journal boxes, and half bar, reduced to 
the form shown in Fig. 98. As the crank pin will not be on 
the line through the centre and centre of gravity, the line con- 
necting the final half-masses will be at an angle with the line 
connecting the original half-masses. This process will be illus- 
trated. 

The angular velocity will be affected by the oscillations to so 
small an extent that the neglect of this effect, already assumed, 
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is justifiable. We must, however, adapt our physical construc- 
tion thereto. In order to reduce this effect to nothing, we must 


New Mass GY, of New Mass 
2 Centre of Wheel 


Fie. 98. 


assume a driver such that an infinite amount of energy will be 
stored in it; such a driver will not vary its rotation by the 
addition of finite amounts of energy. This will be accomplished 
by simply removing our new half-masses to infinity, so that while 
the centre of the wheel and its centre of gravity and mass re- 
main unchanged, its radius of gyration and moment of inertia 
will be increased to infinity, and, therefore, its contained energy 
for a finite angular velocity will be infinite, see Fig. 99. The same 
result will be attained by supposing ever so small a finite fraction 
of the mass at infinity, and the rest, practically all of it, at the 
centre of gravity, ® so that our wheel boxes and parallel bar reduce 


Centre of Wheel 


Fie. 99. Fie, 


to a simple mass at the centre of gravity, Fig. 100. This isequiva- 
lent to saying that we have only the translation of combined masses 
to consider. The angular velocity being constant, there will be no 
need of considering the mass concentrated in a differential sphere; 
it may equally well be any mass whose centre of gravity is at the 
centre of gravity of the combined masses. 

Simple Spring.—In place of the driving spring and the rail we 
may substitute one spring acting on the centre of the wheel, and 
to imitate lifting clear of the rail we may put'a stop so that the 
stiffness of the ‘spring may change at a certain point in the oscil- 
lation. Fig. 101 shows this. 

The spring is supposed long 
enough to allow the motion of _Firea Stop, 
the centre of wheel to be ver- Fie. 101. 
tical When the spring 
touches the stop, it will change its stiffness and change back 
when the centre rises to the same height. 

Specific Strength.—Inasmuch as an increase in the stiffness or 
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strength of the spring and a proportionate increase in the mass 
will not affect the motion, we may divide the stiffness of the 
springs by the mass and call the result the specific strength or 
stiffness per unit mass. 

Mathematical Statement of the Problem. (See Fig. 102.) aig 

m = total oscillating masses. 
_--» = distance in feet from C, the cen- — 
tre of the driver, to G, the centre of 
gravity of total oscillating masses. 

OC, the vertical axis on which C 
slides. 
O, the position of C when the mass m 

is at rest, as indicated dotted. 

S= distance above Oof C. 
S +r cosin. a distance above Oofm — 
a=angle of r from the vertical, as 
@= 6 = angular velocity x time. 
= specific strength of the spring 
below A. 
po’ = specific strength of the whole 
spring below B. 
P, the position of C for mass at rest 
when stop at A is removed. 
Hea “ie D, the position of C when pitch of 
2 the whole spring becomes the same, and 
above which the stop is inoperative, 
_ the spring acting as a whole from B to 
Fig. 103 shows the 
problem in its’ most 
elementary form, with the action of the 
springs represented by the force F, at C. 

The radius CG is-hcre marked “unity,” 
i. €., one times 7, and all other distances are 
expressed by so many times r. In other 
words, 7 is assumed as the unit for measuring 
all distances. Fic. 108. 

The mass is also marked “Unit mass,” 
which means that the mass is reduced to mnity: and the forces 
educed inthe same proportion 
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It will, however, be best to write one fundamental equation 
for Fig. 102 and then show that it reduces to a simple form corre- 
sponding with Fig. 103. 

In order to make use of the fundamental equation of dynam- 
ics, VizZ., 


mass x acceleration = accelerating force, 


we must have a force acting directly upon the mass. Now, in 
Fig. 102 the spring acts on the end C of the radius and not | 
directly on the mass. To remedy this, we introduce at G two 
equal and opposite forces of the same amount as that of the 
spring and parallel thereto. Then F, and F, constitute a mo- 
ment whose effect is to vary the angular velocity, which varia- 
tion is, however, neglectable by reason of the assumed infinitely 
great moment of inertia of the wheel. 

We have now the force /, acting directly on the mass, and this 


td (s +17 cosin. a) _ 
dt? 

In Fig. 102 s is drawn as a plus quantity, and m and /’ are also 
plus ; but the effect of the spring in the position drawn is to urge 
the mass downward, or, in other words, /, is negative, and 
therefore the minus sign must be put before msy?. On the left- 
hand side of the equation, m and dé are plus, and so although 
8+ r cosin. a is plus, its second differential must be minus. 

To put the equation in a simpler form, we divide through by m 
and *, and differentiate s + 7 cosin. a twice, remembering that 
pdt? is the same as [d (yt)]*, and that a= 6¢. This gives, 


8 
putting wt = 7, and 6 = ny and =*% 


+2 = n* cosin. nt. 


_ The above reductions have not been made arbitrarily. In every 
problem there are units which are the units used by nature in 
the problem; the ordinary units, pound, foot, second, etc., being 
entirely artificial. Thus, the only fixed length in the problem 
being r, all other lengths should be put in terms of r. The only 


fixed velocity in the problem being that of an oscillation of the 


{ 
| 
| 
Sag: 
» 
| 
ait 


mass a sede the action of the spring alone, all velocity should be — 
expressed in terms thereof; therefore, we put = yu. To ale 
yas an angular velocity, suppose a unit mass, Fig. 104, to be > 


mounted on a face-plate so that it is free to move without friction, = ; 


in or out, along a radius, the axis of the face-plate being vertical uo 
to avoid influence of gravity. Suppose it to be governed bya 


spring of strength #’, as shown; and that when the face-plate is 


standing the spring holds the mass at the centre. Run the face- cs 
plate now with the proper velocity, and the 


mass may be placed at any distance from the — 


force exactly balancing the centrifugal force of — 
the spring. For simplicity, put it at unit’s dis- — 
tance from the centre (one foot); then we shall 
104. have: 


centripetal force of spring = 1” 


hore 


the radius and mass disappearing from the formula for centrifugal _ 


In other words, the specific strength of a spring which e 


force, because they are both unity. 


hold a mass against centrifugal force at all distances from the 
centre is the square of the angular velocity, or the square root — 
of the specific strength is the angular velocity. 

To connect this angular velocity with the oscillation of a mass 
in a right line, we have only to remark, that, when the face-plate 
is standing, if the mass be caused to oscillate in its diametral 


centre and be in equilibrium, the centrifugal — Fe 
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path under the action of the spring, the time of oscillation willbe 


the same as the time of revolution = - (See Rankine’s Applied — ie 


Mechanics.) 


The significance of 7 is now evident, it being the angle 


described in any time, ¢, by the angular velocity u. Time is 


simply the angle passed over by a radius of the earth, or by the 
hands of a clock; as we please to consider it. In fact, it is the 
angular distance marked by a meridianal plane of the earth; that 
is to say, by the plane of a transit instrument set in the meridian 
upon a spherical dial of the heavens; the degrees, minutes, and 
seconds being marked on the latter, in a somewhat irregular 
manner, by the so-called fixed stars. The Nautical Almanac 
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enables the observer, however, to put his observations at once 
into degrees (or hours), minutes, and seconds. Now, 7 is the 
wngle which Nature marks off in this problem for her own use 

therein. 


yt 


cosin. nT + a cosin. (t — 7,). 

~ 


Interpretation of the Equation—This value of z consists of two 
terms, each of which represents a harmonic motion. 

The first member represents a forced harmonic motion, or 
a harmonic motion whose period is forced to agree with that 
of the rotation of the wheel. The second member represents 
a free vibration, or a harmonic motion taking its own time, 
that is, the time in which the spring naturally oscillates the 
mass. 

We may also say that the first oscillation is one whose period 
is forced, in which case it will choose its own amplitude, and the 
second oscillation is one in which the amplitude is forced, in 
which case it must be left free to choose its own period. . 

In the first case the period is governed by mr, and in the > 


second case by T; therefore the forced period is 4 of the free 


amplitude 


period. Further, in the first case the , a def- 


r 


inite function of the period, while in the second case the — 


is a, an arbitrary quantity or constant of integration, which may 
have any value to suit the particular circumstances of the prob- 
lem. 

The remaining, or other, constant of integration (the equation 
(1) being of the second order necessitates two constants of in- 
tegration in the general integral) is 7,, and this also depends 
on the particular circumstances of the problem. 17, regulates 
the phase of the free oscillation with respect to that of the forced 
one. . | 
Discussion of the Equation—a. The amplitude of the free 
vibration must depend upon some force, or disturbance, of 
the regular forced vibration, just as it would depend upon 


é 
- 
BA 
% 
“ies 
t 
4 
~ 
4 
x 
> 
J 


i 


i 4 
‘ 
d 
; 


an external force or disturbance were there no forced vibra- 
tion. But whatever value might thus be given to a, it would 
gradually be decreased by friction and other resistances, and 
the second term would thus disappear from the equation, leay- 
ing only the forced vibration. It is true that this problem 
does not call for the introduction of friction, and we are not 
considering friction directly, but only the right of the second 
member to exist in the equation. On the supposition of no fric- 
tion, the second term once in must remain in and a retain its 
constant and original value. But so long as CO is less than DO, 
the data of the problem include no cause for a disturbance of the 
forced oscillation, and a must be placed equal to O. To produce © 
such a disturbance as would be required to make the second _ 
term necessary, the wheel would have to be put in motion in a 
way discordant with the regular forced vibration, or a blow 
would have to be struck the wheel. In any actual case, as be- 
fore said, frictional and other resistances would absorb the 
energy of such a disturbance, or blow, and leave a pure forced vi- 
bration. But when OC exceeds OD, the change in the strength 
of the spring creates such a disturbance at each revolution, so 
that (in spite even of friction) the second term is needed to | 
represent the motion. The value of a will in general, however, — 
change at each revolution. We shall show later how the value 
of a may be found in a particular case. 

t, This quantity depends on the same considerations as a. 
When a = 0 it is indeterminate, and when the second term is 
needed 7, is found in the same calculation as gives a. 


goes than the natural time. = n=, so that the amplitude, sup- | 


posing the spring attached at A,is 
This quantity is zero when @ = 0, and infinity when 6 = MS 
i.e, when n=0 and whenn=1. For intermediate values it is — ws 
amplitude 
r 


plus. When n increases past 1, this goes through infin- = 


goes on increasing; 7.¢., it now decreases numerically until, when 


ity and becomes wy war as n increases farther, the amplitude © = 
n=o,it= — "Smaller negative values are impossible. 
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To make the various values assumed by this 


amplitude 


intelligible, let us assume certain values for n and construct dia- 
grams of the motion on the supposition that no such stop as is 
shown at A, Fig. 102, interferes with the harmonic motion, and 
that a=0. Or, rather, we suppose that the spring is perma- 
nently attached at A, so that no change of strength is possible. 

In Fig. 105 we have C stationary because the wheel has zero 
angular velocity. In Figs. 106 and 107 the wheel takes longer to 
revolve than the natural time of oscillation, and, in order that this 
may be the case, it will be noticed that the spring stretches less 
than it would were it attached directly to the mass; and this 
diminished stretching reduces the spring force just enough to let 
it oscillate the mass in the slower time. 

When the velocity of the wheel gets up to the natural speed 
for the spring, the spring cannot control the mass in the proper 
time without stretching the same distance as the mass moves, 
see Fig. 108. Nature gets over this difficulty by making the 
amplitude infinite, in which case the constant amount (namely, 
the radius), by which the extreme stretch of the spring, or semi- 
amplitude of the point C, falls short of the semi-amplitude of the. 
mass, disappears with respect to the infinite semi-amplitude. 

Fig. 109 is for a velocity greater than that natural to the spring. 
Here the spring has to stretch farther than the mass goes, and 
thus make up for its lack of strength suited to the increased 
velocity. In other words, as the thing passes through the infinite 
stage it turns over, so that the elliptical path of the mass is de- 
scribed in the reverse direction, although the rotation of the 
wheel, indicated by the arrow, continues in the same direction. 

When 2’ is ©, the mass simply oscillates in a horizontal line 
and makes the spring follow the other end of the radius, without 
giving it time enough, in upper or lower positions, to disturb the 
horizontal motion of the mass, see Fig. 110. 

It would be impossible, of course, to show all these changes in 
a model, because there would be a limit to the distance a spring 
could stretch, and, therefore, the reversed condition could not be 
arrived at by passing through infinity. The reversed condition 
can, however, be introduced in other ways. 

Distribution of Energy.—Suppose we examine Fig. 107 to see how 
the energy varies for different positions of the mass. OQ is the 
maximum stretch of the spring. Calling the radius unity OQ = 3, 
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and the strength of the spring being ,’, it will exert a pull at Q of 


3’ on the unit of mass. Its average tension is, therefore, Su 


Multiplying this by the space over which it stretches, we get . w 


for the work done by the spring as it contracts from Q to O. 
In its zero position (highest position) the mass is 4 distant 
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from O, and it has, at this point, no vertical velocity. The 
force F,, Fig. 102, equal to that of the spring acting on the mass 
over the space 4, with a regularly decreasing value, produces 
a vertical velocity which, in the position 3, is equal to the 
velocity in the circumference with radius 4 and angular veloc- 


ity 0= nyff/ oi The energy due to this velocity is 3(48) for 


@ unit of mass 6y*, and the energy due to the force /,, which 


should be. 
What needs now to be explained is the fact that, though the 


contracting spring furnishes but 4 work, the mass receives 


2 
a, a difference of — 3 to be furnished from some other source. 


2 

We will now find, Fig. 102, the work of the moment 7, /’, between 
0 and 3 positions. Ass is, in Fig. 107 (or when a in equation 
(2) = 0) proportional to the cosine, the force /, = 3 y’ cosin. a, 
and the lever arm = sin. @ (radius being unity), therefore the mo- 
ment = 3 »’ sin. cosin. a. Multiplying this by da, we get 


d (work) = 3 ,’ sin. cosin. ada ihe wit, 


= 5 between limit a = 90° and zero degrees. 


Inasmuch as this moment retards the rotation of the wheel, it 
causes it to give this much work out (from its infinite store of 
energy, so that no perceptible change in angular velocity results) 
to assist the spring in accelerating the mass. 


This is just as it should be, because, were the point C pivoted _ | 


fast, the wheel would supply all the energy to produce the down- 
ward velocity at the position 3. In this case, however, the down- 


ward velocity would be but j of what it is in Fig. 107, and the © 7 


energy therefore but ;;, and the wheel would be receiving at all 


times as much energy from the diminishing horizontal velocity as _ % 


it gives out to the increasing vertical velocity, so that no change 
of its energy would result. In Fig. 107, however, while it receives 
from the diminishing horizontal velocity the same amount as it 
would with a fixed C, it gives out a much (four times) larger 
amount to _— produce tle vertical velocity. 
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Upper sections : V= Sine a — sine (a — 


It may be well to state here that the energy received by the 
wheel as the horizontal velocity diminishes is given to it by a 
couple of horizontal forces, similar to the couple /,F,. One of 
these forces is applied at C by the guide which forces C to move 
in a vertical path. The other is one of two equal and opposite 
forces introduced at G, the remaining one of the pair, corresponds 
to /,, and produces the horizontal acceleration. 

If no friction exists between C and the guides, the reaction of 
the latter on C has no effect further on the problem, and this is 
the case in the present problem. It may not be amiss to remark, 
however, that in a case where friction did exist to an appreciable 
extent, this reaction would introduce a force which would combine 
with F, and modify the equations for the vertical motion, having 
the general effect of skewing the elliptical paths to one side. 

The general equations for a combination path may be written 
thus : 


Lower sections: s = cosine a + cosine (a 
Upper sections: s=—p+ rf pu 


Lower sections: V= — sine a — ub sine — f). 


pe — & 


“a : a In order to find the definite equations for the succeeding sec- 


tions, we must substitute the vertical (or only) ordinate of C and 
its velocity in the respective general equations and solve for the 
unknown constants and 

The process can be continued indefinitely, inasmuch as, in 
general, there will be an infinite number of sections in the com- 
bination path. 

Fig. 111 shows the 0, 1st and 2d sections; the scale, however, 
is too small to give room to enter all the values of s without 
their interfering with one another. 

It is possible that in some particular cases the combination 
path may repeat itself after a certain number of sections, es- 
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pecially if friction exists between the boxes and their vertical 
guides, but this is beyond the limits of the present investigation. 
We might also proceed to obtain a single expression covering 

all the successive parts of the combination path; but it does 


~~_Top of Track-~ 


— 


~~. 


Normal Position 

> 


C.\ 


not seem that such an expression, though necessary in the 

investigation of the properties of the combination path con- 

sidered as a whole (such as the possible property of repeating 

itself in certain cases) would render the calculation of an actual — 
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path any easier than by the process already illustrated in the = 
path which has been calculated. 1 a 
In the path calculated the question of sufficient motion forthe = 


prevent it from describing a path having a greater vertical 
dimension that this circumstance would allow. = 
Should it be desirable to test the accordance of the principles 
above developed with the curve automatically described by an : 
apparatus, or model, imitating the action of a locomotive driver, — 


such a model could readily be constructed, but certain precau- 
tions would have to be taken to make it work in accordance with — 5 ee 


the theory, and not exactly as an actual locomotive would act. 
Thus: the centre of the driver must move vertically without fric- 
tion, and there must be a device for starting it under definite om 
conditions (that is, with definite values ofbandf). In areal | 
case, also, the spring of the track must vary as the wheel 4, dam : 
over the ties, and more than that the driving spring will not, in 
case the body of the locomotive oscillates vertically, act with the 
same strength as it does when tested with the locomotive at rest. 
Friction changes the phase of harmonic motion and may leave 
amplitude unaffected. 
Sometimes a slight error in these produces a large one sub- 
sequently. If the curves appear to settle down to a regular 
path, do not conclude at once that they do so, for more than 
likely they quiet down a little in that way and then go wild 
again. Without friction I should hardly expect to hit a case 
giving a regular or a repeating path. (By “regular” I mean 
every turn the same, and by “repeating” that after a certain 
number of turns the same set of curves appears again—like a 
repeating decimal as distinguished from an ordinary one.) 
Gravity simply changes the whole curve and brings it nearer 
the earth by the same amount as it affects the position of rest, 
or normal or neutral position. 
Friction delays the phase, is a rough statement. That is to 
say, if the law between the other forces and the friction is simple 
enough the curve remains harmonic but changes its phase, while 
with a more complicated law it will modify the curve more or 
less as well. No matter what curve the friction gives, it can bé 
expressed as a combination of harmonic curves, but to be prac- 
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tical you would endeavor to approximate the effect of friction by 
means of an expression that would complicate the shape as little 
as possible, leaving it thus in better shape for practical calcula- 
tions. If the power supplied is used up by the friction, there is 
a chance of getting a regular path. 


Notr.—This paper received discussion jointly with that of Prof. W. F. M. 
Goss on “‘ An Experimental Study of the Effect of the Counterbalance in Loco- 
motive Drive-wheels upon the Pressure between Wheel and Rail,” and the debate 
on the two papers will be found at the close of the latter (No. 625) in Vol. XVI.. 
Transactions, p. 805. 
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AN RXPRRIMENTAL #TUDY OF THE EFFECT OF 
THE COUNTERBALANCE IN LOCOMOTIVE DRIVE-— 


a WHEELS UPON THE PRESSURE BETWEEN WHEEL 


“ols BY W. F. M. GOSS, LAFAYETTE, IND. 


i (Member of the Society.) 


In the mechanism of a locomotive, the revolving parts at 
the crank-pins, together with the reciprocating parts connected 
therewith, are balanced more or less completely by the addition © 
of masses, or “counterweights,” to the drivers. But since the © 
counterweights move in circular paths, it is only the horizontal _ 
component of the radial force derived from them which can 
serve to neutralize the effect of the reciprocating parts; the — 
vertical component of all that portion of the force which applies | 
to the reciprocating parts, is unbalanced. This unbalanced verti- 
cal component causes the pressure of the driver on the railto 
vary with every revolution. Whenever the speed is high, it is of _ 
considerable magnitude, and its change in direction is so rapid 7 
that the resulting effect upon the rail is not inappropriately | 
called a “hammer blow.” Many practical demonstrations have 
been had of the magnitude of the forces involved. Heavy rails _ 
have been kinked, and bridges have been shaken to their fall, 
all under the action of heavily balanced drivers revolving at 
high speeds. The evidence is sufficient, but the means by 
which the evil is to be overcome has not yet been made clear. 
Indeed, the difficulties to be met in counterbalancing have os 
been greatly increased during the last decade by the demand 
for heavier and still heavier engines, and for higher speeds in all — i a re. 
classes of service. Heavier engines require heavier reciprocating Aho be 
parts, and heavier reciprocating parts demand more counter- __ 


balance. With a view to rc the number of revolutions wat 
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wheel diameters have been somewhat increased; but the ex- 
pected gain has not been realized, because an increase of speed 
has followed. As a result of these developments, the modern 
engine may have reciprocating parts on each side weighing from 
600 to 1,000 pounds; these must be given a horizontal balance 
(more or less complete) by counterweights in the wheels, and 
the wheels are often driven at a rate exceeding 300 revolutions 
minute. 

It is not the purpose of this paper, however, to discuss the 
question of counterbalancing, but rather to show some of the 
effects of such balancing. The forces which are brought into | 
action by the presence of the counterbalance have been elab- 
orately studied ;* and their precise effect upon the pressure of 
contact between wheel and rail has of late been the subject of 
considerable discussion. To throw some light upon this most 
practical and important question, a series of experiments was 
undertaken at the engineering laboratory of Purdue University, 
the essential feature of which was the passing of a soft iron 
wire of small diameter under the moving wheel. It was expected | 
that the varying thickness of the wire which had been subjected 
to this process, would show the effect of variation in pressure 
between the wheel and the track. If the wheel should leave the 
track entirely, a portion of the wire would retain its full diameter; 
and the real purpose of the experiments, as originally planned, 
was to demonstrate whether, at any speed easily attained, the — 
driver would actually rise from the track. Brief accounts of _ 
these experiments have already been published, and the interest 
which has been shown in them has prompted this more complete 
statement of the conditions involved, and the results obtained. _ 

The apparatus employed consisted chiefly of the Purdue © 
locomotive “Schenectady,” which, as is generally known, is 
mounted with its drivers resting upon wheels of approximately 
the same diameter with the drivers. When the drivers are 


* << An Account of Certain Experiments on Several Methods of Counterbalan- 
cing the Action of Reciprocating Parts of a Locomotive,” Gaetano Lanza, Proceed-— 
ings A. S. M. E., Vol. X., p. 802. General Solution of Transmission of Force 
in a Steam Engine, as Influenced by the Action of Friction, Acceleration, and 
Gravity,” D. S. Jacobus, Proceedings A. 8. M. E., Vol. XI., p. 492. ‘‘ The Irreg- 
ular Wear of Locomotive Driving Wheel Tires,” E. M. Herr, Proceedings West- 
ern Railway Club, May, 1892. ‘‘ The Vertical Influence of the Counterbalance,” 
R. A. Parke, M.E., Proceedings of the New York Railway Club, February 15, 
1894. 
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turned by the engine, the supporting wheels roll in contact __ 
with them, the engine as a whole remaining stationary.* sae 
To guide the wire which was to be fed under the driver,a 
length of -inch gas-pipe was secured to the 


* 


Guide Pipe 


Fie, 112. 


front of each driver included in the experiment (Fig.112). Three > 
pipes were thus arranged. A deflector plate was fixed behind 

the main driver, to turn the wire delivered from this wheel away ae 

from the rear driver; but, with this exception,no attempt wasmade 

to control the course of the wire after it left the wheel. The wire 

was of common annealed iron of about 0.037 of an inch in diam- — 

eter. It was prepared by being carefully straightened and “a 
into lengths of twenty feet ; that is, about 3.5 feet longerthanthe = Ss 
circumference of the drivers, and two inches longer thanthe guide 
pipe in which the lengths were to be fed to the wheels. Wires __ : 
thus prepared were laid in light wooden troughs to preserve — 

them from injury, and a trough thus supplied was placed in line © 

with each guide pipe (Fig. 112). In conducting the experiments, __ 

an operator at each pipe drew a wire from the trough and passed 


Fie. 113.—[ Twice actual size. } 


it into the pipe only about two inches of the re- 
mained outside. From the relative length of guide tube and — 
wire, it was known that the opposite end of the latter was now 
close to the driver. When desired conditions of speed had been > r. ae 
secured and a signal given, a touch of the operator's finger upon 
the end of the wire was sufficient to start the opposite end under es 
the wheel. The starting of the wire was accomplished with- 


out commotion. The man in charge was conscious only of eo 


* For description of this plant, see Experimental Locomotive,” Proceed. 
ings of the American Society of Mechanical Engineers, Vol. XII1., p. 427. 
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having touched it. To an observer who watched for the wire as 
it came from the driver, it gave the impression of a quivering 
beam of light, which an instant later became a loosely tangled 
thread of metal. Or, if one kept his eye upon the wall of the 
laboratory against which the wire was allowed to impinge, he saw 
the whole tangled coil appear instantaneously and without appar- 
ent cause. The initial end of each wire was, in plan, of the out- 
line shown by Fig. 113, from which it would appear that when the 
wire came under the influence of the wheel’s motion, the ten- 
sional stress upon sections near the end, as at A, exceeded the 
elastic limit of the material, this stress being required to impart 
motion to the mass of wire to the right of A. The weight of the 
twenty-foot length was about one ounce, and the time occupied in 
jts passage was usually a fifth of a second. These facts will help 
to show the significance of the speeds used in the experiments. 

The speed of the locomotive was noted from a registering 
counter, and also by a Boyer speed recorder, a permanent record 
being obtained from the latter instrument. To assist in con- 
necting the effect produced on the wire with definite phases of 
the wheel’s motion, a nick was made with a sharp chisel across 
the face of each driver, in line with the counterweight, as at A 
(Fig. 114). An impression of this nick was sharply defined upon 
every wire that passed under it. The initial end of the wire 
could, as has been already stated, be determined by an examina- 
tion ; but to leave no doubt as to this matter, and for the purpose 
of giving a second reference point, one of the wheels was marked 
with two parallel lines ninety degrees from the first reference 
line, as at C (Fig. 114). 

It was found by a comparison of reference marks, that dis-— 
tances along the length of the wires could be taken as repre-— 
senting equal distances around the face of the wheel. Thus, 


the length of each wire being greater than the circumference 
of the wheel, it would sometimes happen that a single wire © 


would receive two impressions from the same reference mark; _ 
the distance between the two points thus impressed upon the 
wire was found to be equal to the circumference of the wheel. 
This fact made it easy to connect effects left upon a wire with 
the wheel positions (crank-angles) producing them. 

Many of the wires which have been produced by the experiment. 


described, have since been carefully calipered at five-inch inter- - : 


vals, the results plotted, and a smooth curve drawn through 
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the points thus located. Some of the results thus obtained are es 


presented as Figs. 115, 116, and 117, the points representing the ce .. 


actual thickness of the wires being designated by means of 


small circles. It will be seen that all diagrams are plotted with - x: 


reference to definite wheel positions. 


THE BALANCE OF THE LOCOMOTIVE. 


Before attempting a discussion of results in detail, it is neces- 
sary to consider somewhat briefly the condition of balance of 
the locomotive experimented upon. The engine as delivered by 
its builders was balanced for the road ; but to increase its steadi- 
ness in the laboratory, equal weights were afterward added 
to the several wheels, until a full horizontal balance had been 
secured.* The revolving and reciprocating parts which required — 
counterbalancing, exclusive of the crank-pins and crank-pin ~ 


bosses, which are assumed to be parts of the wheels themselves, _ ; 


were found to weigh as follows: 


Piston and piston rod -- 297.0 lbs. 
Cross-head with part of indicator rigging aitedhed 170 5 Ibs. 
Main rod 844.5 lbs, 


Total for one side......... 1,090.0 lbs. 


For complete horizontal balance, it was required that the sum — 


of the weights making up the counterbalance of the two wheelson __ 


the side of the engine under consideration, should be equivalent 
to 1,090.0 pounds acting at a radius of one foot. To ascertain the 
distribution of balance between the wheels, it was necessary to 
examine them: separately. Calculations based upon prints of 
the wheel centres gave the following results : 


3alance cast in rim, and between the arms, plus the 
weights added at the laboratory, all reduced to 
equivalent weights acting at a radius of 12 in.. 744.1 725.7 
Weight of crank-pin and crank-pin hub to be sub- 
tracted 187.1 179.1 
Net weight available to balance revolving and re- 
ciprocating parts acting upon the crank-pins. . 557.0 546.6 


The net weight thus obtained for both wheels (1103.6 pounds) — 
is 13.6 pounds greater than the weight of the parts to be bal- 


* On January 23 of the present year, the plant from which the results herein © 
described were obtained was ces‘royed by fire. The new plant, now in operation, 
does not require the locomotive to be in complete horizontal balance. 


Main Wheel. Rear Wheel. 
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anced. But the engine is known to have been in perfect hori- 
zontal balance, the experimental methods adopted in securing 
this condition serving to indicate when the weights were changed 
even to the extent of a single pound. The calculated weight 

13.6 

2 

heavier than the weights themselves, and this amount has been 
subtracted as a correction from the net weight given above, 
making the 


= 6.8 pounds 


Main Wheel. Rear Wheel. 
Corrected net weight of counterbalance available to 


balance revolving and reciprocating parts acting 
upon the crank-pins 2 589.8 
The weight of the parts involved, together with certain 
dimensions, are summarized in Fig. 114. 


Weight with which each driver presses 
on rail when at rest, 14,000 lbs. 


pes the weight of side rod and of main rod as already 
given, and considering 0.6 of the weight of the latter as a revolv- _ 
ing part, 


Main Wheel. Wheel. 
The excess of balance over that required for revolv- 


ing parts alone is ; 204.5 400.8 


which shows 66 per cent. of the balance for reciprocating parts _ 
to be in the rear wheel. 

Six different rules for balancing locomotives for the road, 
reported as being in common use, give weight of counter- 
balance for the locomotive in question, as follows : | 


Main Driver. Rear Driver. 
Rule A (for freight engines only), 467 260 
‘* B (for all classes of service),.. 462 322 
570 . 840 
573 
588 
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Compared with these several standards, the weight of the ~ 
counterbalances in the Purdue engine stand as follows: 


Main Wheel. Rear Wheel. 

By Rule A (for freight service only), 17.8% too heavy, 107.6% too heavy. 

(for all classes of service), 19.1% ‘* 
3.5% too light, 56 97 


By the uverage of five rules from B 


to F inclusive. 0.4% too heavy, 54.2% 


It is evident, therefore, that the weight of the counterbalance 
in the rear wheel, from which most of the results about to be 
discussed were obtained, is in excess of that allowed by good © 
practice as expressed by the rules already given. But practice 
cannot always conform to the law by which it assumes to be 
governed. It often happens where wheels are of small diameter, _ 
and the connections are heavy, as in Mogul or Consolidation a 
engines, that there is not sufficient room in the main wheel to © 
get in a counterbalance large enough for the revolving parts _ 
alone ; in this case, therefore, the balance for reciprocating parts 
of this wheel must be taken by the other coupled wheels, inaddi- __ 
tion to that which, under the rules, would be counted as properly a é 
belonging to them. By this process, wheels having revolving 
parts which are relatively light are employed to balance a larger 
per cent. of all the reciprocating parts. Again, almost any aoe 
eight-wheeled engine, balanced in an approved manner, will, if an ; 
the coupling rod is removed, have an excess of balance in the rear > & 
wheel equal to that for the engine under consideration; and sh 
such Qngines are not infrequently run while disconnected. 

These considerations will serve to show that while the total — 
weight of the counterbalances of the Purdue engine is, for ‘ 
reasons already stated, heavier than would be considered neces- 
sary for the road, and while at the time of the experiments the 
conditions which existed are not at all rare. Doubdens many ae a “es 
wheels are running which carry a greater counterbalance, when — 
compared with the revolving parts to be balanced, than did 
the rear wheel of the Purdue locomotive. 


RESULTS. 


Attention has already been directed to the fact, that in the - : 
engine experimented upon, the excess of weight in the counter- 
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balance over that required for the revolving parts alone, was 
much greater for the rear driver than for the main driver. As_ 
the lifting effect is proportional to this excess of weight, it fol- 
lows, that wires run under the rear driver were likely to show 
more variation in thickness than those under the main driver. 
Results of experiments upon this point are shown by Fig. 115, 
which represents wires obtained at the same instant from the 
main driver and the rear driver, respectively. It will be seen 
that the wire (I.) from the main driver shows but slight 


Speed —58.3 miles per hour—312 revolutions per minute 
Length One division-5" 
Scale Thickness One division =.02" Cures 


Wheel Position 


Forward Driver — 


Yj 


tute We 
Rear Driver— Right Side 
Fie. 115. 


ra 


variation in thickness, notwithstanding the high speed (312 
revolutions per minute), and it may be said that no wire was 
ever obtained from this wheel which gave evidence that the 
wheel had left the track. From mathematical considerations it 
can be shown that this wheel would not be expected to lift at 
speeds below 80 miles per hour (428 revolutions per minute), 
and such speeds are not practicable with wheels of the diameter 
experimented upon. 

Passing now to an inspection of wire II. (Fig. 115), from the 
rear wheel, which was obtained at the same instant with wire I., 
it will be seen that there is a jump of the wheel just after the 
counterbalance has passed its highest point, which, when com- 
pared with the corresponding movement of the main driver, is 
very pronounced. Wires from this wheel at higher speeds are 
shown by Fig. 116. In this figure the full diameter of the wires is 
in each case shown by a dotted line drawn parallel with the 
base line. Wire III., made at 59 miles (316 revolutions), shows 
that there was an instant in the passage of the wire, correspond- 


— 
— 
| 
| 
} 
es 
i 
| 
J 
x 


ing to the point A, when it was barely touched by the wheel. 
Increasing the speed to 63 miles (337 revolutions), increased 
the lifting action of the wheel to the extent shown by wire IV. 
(Fig. 116). At the point B, the wheel parted contact with this 
wire and did not again touch it until the point C was reached, 
an interval of about 40 inches, the portion of the wire between 
B and C being entirely round and apparently unaffected by its 
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passage under the wheel. A further increase of speed gives, a 
is shown by wire V., a still greater length of full wire, the dis- 
tance from D to E being very nearly equivalent to a quarter 
revolution of the driver. 

It will be seen that all of these wires (II. to V., Figs. 115 and 
116) substantially agree in showing the maximum lifting effect 
to occur after the counterbalance has passed its highest point, an 
effect undoubtedly due to the inertia of the mass to be moved ; 
also in showing that the rise of the wheel from the track is 
more gradual than its descent. The latter condition follows as 
a sequence of the first. 

Portions of the wires not shown on the diagrams do not vary 
much in thickness. The metal is rolled so thin by the normal 


pressure of the wheel that further increments of pressuredonot 


greatly affect it. The wires, therefore, do not emphasize the 
destructive effect of the variation of wheel pressure when the ~ 


change is insufficient to lift the wheel from the track, 
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It now remains to mention the effect of certain disturbing | 
elements which are shown by the experiments to modify the actual 
movement of the wheel, other conditions remaining constant. For 
the rear wheel, these disturbing elements are all in the nature of 
vibrations. 

The first to be noticed is the rocking of the engine upon its 
springs, which motion tends to vary the pressure of the wheel 
ite wag track independently of the action of the counter- 
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balance.. At one revolution the effect of the rocking may oppose 
the action of the counterbalance, and at the next revolution it 
may supplement the action of the counterbalance in producing a 
vertical movement of the driver. Again, the effect of the rocking 
may at a given instant be nil, and the wheel may rise under the 
action of the counterbalance; but in another instant the effect 
of the rocking appears, and the path of the wheel while in air 
is modified and its time of descent changed. Thus, the exist- 
ence of this vibration makes it impossible to duplicate wires 
with certainiy, even though the speed is constant; its effect 
is well shown by Fig. 117. Wires VI and VII. were taken from 


| 
} 
| y > 
‘ 
Bear Driver + Rightside 
— Ws VS 
| 
| 
| 
| _ 
| 
ij 


COUNTERBALANCE IN LOCOMOTIVE DRIVE-WHEELS. 815 _ 


the rear drivers at the same instant, one from the right side, the ae 
other from the left; the speed, therefore, must have been the iy 
same for both. The right driver lacked a good deal of leaving 
its wire, but the left driver was in air for a tenth of a revolution. 
Again, wires VIII. and IX. were made in the same way at a 
higher speed; and here, while both drivers were off the track, 
the results are reversed, the right driver giving the greater 
length of full wire. It will also be seen from the diagrams, that 
not only is the extent of the vertical movement of the driver — 
modified by the rocking of the engine, but the position of the 
wheel when such motion occurs is changed. It is evident, 
therefore, that this movement of the engine upon its springs __ 
will prove a serious difficulty whenever an attempt is made to 
predict as to the precise movement of the centre of gravity of 
the driver, whether the method of investigation be mathematical  __ 
or experimental. 

There appears, also, to be a vibration of parts, as,for exam- __ 
ple, of the wheel as a whole, these vibrations being of small =| 
amplitude. Evidence of the presence of such vibration is shown | 
by the location of points on the diagrams of wires,Figs.115to117, 
which points represent the thickness of the wires as found by 
measurement. Referring especially to wires I. and IL (Fig.115), 
it will be seen that the actual thickness of the wire alternately 
increases and diminishes with every point. The time involved = = 
in passing from one high point to another (a distance of ten — 
inches) was about 0.01 of a second. This vibration may be __ 
traced on other diagrams; its amplitude is from two to four 
thousandths of an inch only. Whether the process of introduce. 
ing the wire starts, or has any connection with, this vibration, __ 
the experiment does not show. a 

A third class of vibrations is made apparent by a duplication _ 
upon the wire of the reference mark on the wheel. As has 
already been stated, a light nick from a sharp chisel was made 
across the face of the wheel to serve as a reference mark. This 
nick leaves a clear-cut projection upot the wire. But at high 
speeds the single nick across the face of the wheel leaves two 
projections upon the wire, showing that after making one im- 
pression the surface of the wheel must for an instant have 
actually cleared the wire and then impressed itself a second 
time. The distance between these projections on tho wires ~ 
varies somewhat, but is usually about aneighth of aninch,which __ 
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represents a time interval between the two impressions of about 
0.008 of a second. The contact between wheel and track is 
therefore not continuous, but is a succession of exceedingly 
rapid impacts. These vibrations cannot affect the wheel as a 
whole ; they are doubtless due to the elasticity of the materials, 
and involve only the lads immediately about the point of contact. 


_ The results of the experiments appear to justify the following 
conclusions : 

(1) Wheels balanced according to usual rules (which require 
all revolving parts, and from 40 per cent. to 80 per cent. of all 
reciprocating parts, to be balanced, the counterbalance for the 
reciprocating parts to be distributed equally among the several 
wheels connected) are not likely to leave the track through the 
action of the counterbalance, and cannot do so unless the speed 
is excessive. 

(2) A wheel which, when at rest, presses upon the rail with a 
force of 14,000 pounds, and which carries a counterbalance 400 
pourds in excess of that required for its revolving parts alone, 
may be expected to leave the track through the action of the 
counterbalance whenever its speed exceeds 310 revolutions per 
minute. 

(3) When a wheel is lifted, through the action of its counter- 
balance, its rise is comparatively slow and its descent rapid. 
The maximum lift occurs after the counterbalance has passed 
its highest point. 

(4) The rocking of the engine on its springs may assist or 
oppose the action of the counterbalance in lifting the wheel. 
It, therefore, constitutes a serious obstacle in the way of any 
study of the precise movement of the wheel. 

(5) The contact of the moving wheel with the track is not 
continuous, even for those portions of the revolution where the 
pressure is greatest, but ts a rapid succession of impacts. 

The writer is indebted to Daniel Royse, M.M.E., junior mem- 
ber of the Society, for assistance in the preparation of data. 
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Mr. Forney. —This paper is an extremely interesting one, 
and presents some matters which have been but very little under- _ 
stood, and which appear to be of very great importance in the a 
operation of railroads. The fact that a locomotive driving-wheel _ ss 
in ordinary service actually rises entirely clear of the track at 
high speeds is a matter of so much importance that it certainly . 
should receive great attention from the Society of Mechanical 
Engineers. There are some things in this paper, however, .to 
which it seems to me that attention has hardly been sufficiently _ 
given. The paper indicates that the rising of the peepee 
entirely clear of the track has only occurred in those Wheels 
which were practically overbalanced. The forward driving-wheel 
never rose clear of the track. It was only in the rear oil # 
wheel, which had a greater excess of balance than the forward 
one, that this action took place. On page 310 there are some fig. 
ures given which present the results of six different rules for bal- 
ancing the driving-wheels of locomotives. From the figures ony ra 
are there given it will be seen that in every instance the wheels of Gg 


this locomotive that were experimented with had more balance - 2 ia 
than these rules indicate they should have, or were overbalanced bes cr 7 a 
as it is called. Now, I presume that there are hardly any of yu ss 


here who have not at some time or other been to a country circus, 
and seen a man get down on his hands and feet and place a big _ 
stone on his stomach, and have somebody take a sledge-hammer _ 
and break that stone to pieces, without any injury to the man _ a 
whatever. The fact is, that that stone resisted the inertia of the — a 
hammer to such an extent that it did not affect the man below it . 
or his stomach. It seems to me that a somewhat analogous con- 
dition of things exists in a locomotive. Before the wheel can rise 
from the rail through the effect of the counterbalance you must 
overcome the inertia due to the weight of the wheel and axle and 
driving-box and spring, and all the parts which are not resisted by 
the elasticity of the spring. It is only what may be called the 
superfluous effect of the action of the counterbalance which has 
any effect in raising the wheel from the track. It is for this rea- 


*This discussion covers also the topics presented in Paper No. 624 of the oe 
same meeting, by Mr. David L. Barnes, entitled, ‘‘ Rail Pressures of Locomotive 
Driving Wheels.” — Transactions of the American Society of Mechanical Engineers, 
Vol. XVI., p. 249. ae 
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son that it is only when the wheel is overbalanced that this effect 
takes place. For that reason, as a practical question, it does not 
seem to me to be of so much importance as it would appear from 
the paper before us. 

Mr. Geo. S. Morison.—I was going to ask Mr. Forney a ques- 
tion. He has shown us a man lying on his back with a big stone 
on his stomach, and another man, with a light hammer, presum- 
ably, striking very rapid blows, breaks that stone. Suppose the 
man, instead of taking a light hammer and striking rapid blows, 
had taken a heavy hammer and struck a slow blow, and broken 
the stone; what would have been the effect on the man under 
the stone ? 

Mr. Forney.—My reply to that would be similar to what Mr. 
Stephenson said about the cow on the railroad track, it would 
have been bad for the man. : 

Mr. Morison.—It seems to me that the counterbalancing of 


locomotive driving-wheels resembles the case which is bad for the | 


man rather than the case which is good for the man; it corre- 
sponds to a slow blow struck with a heavy hammer, much more 


than it corresponds to a quick blow struck with a light hammer. 


When you have a driving-wheel lifted from the track by the 
motion of a revolving counterbalance you have simply an exag- 
gerated form of what exists when it is not lifted from the track. 
The actual blow which gives notice of what is occurring, and has, 
in quite a number of instances, bent rails so that they had to be 
removed from the track, occurs only when the wheel is lifted from 
the track. But if you have a driving-wheel with 14,000 pounds 
weight upon it, counterbalanced in such a way that when running 
at a given speed the wheel is actually lifted from the track ; and 
then take the same wheel with 15,000 pounds pressure on it, 
counterbalanced in the same way, when running at the given 
speed, the pressure from the wheel would vary from 1,000 
pounds to 29,000 pounds, instead of being, as is assumed in most 
calculations for rails and bridges and other such things, a uniform 
pressure of 15,000 pounds. This is a variation which is of enor- 
mous importance; there is nothing from which our permanent 
structures, our rails, our bridges, and everything else on railroads, 
our ties and all, are suffering much more than from this simple 
cause; and there is nothing which, with the high speeds we are 
now running our trains on, it is more important to eliminate. 
That is the way it impresses me; we are having a constant vari- 
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ation of pressure in a position where it is of the utmost impor- ee 
tance to secure uniform pressure, uniform wear, and every other 
uniform result. 

Prof. J. B. Webb.—I should like to call Mr. Forney’s attention, 
if he has not noticed it, to the remark on page 312 that at eighty cn 
miles an hour this wheel would be expected to lift, and that ow- 
ing to this locomotive not being constructed so as to run at those — ie 
speeds, they did not get that wheel to lift. And then Iwould | 
also remark further that perhaps undue attention is attracted by 4 i" om 
the fact of the wheel lifting. When it does not actually lift from E: ee 
the track, it strikes a blow, not so great, but still it strikes a blow. - 
Suppose that the dead weight depresses the track a tenth of an 
inch, then, without lifting y ta the track, there may be a vibra- 
tion of almost one-fifth of an inch set up; that is, the driver may, 
during part of the revolution, be scargely touching the track, _ 
which will then be straight, and during another part it may de- 
press the track a fifth of an inch. Now, whatever does this some _ 
hundreds of times per minute strikes a blow, whether you choose 
to call it one or not. More than this, these vibrations are irregu- 
lar, and may accumulate, so that while at one time the driver does 
not lift, it may at another, without any change in the speed hav- 
ing been made. 

Mr. Geo. 8. Strong.—I do not think there are very many rail- 
way managers who would consent to have an engine delivered 
to them which had 30,000 pounds to the wheel. I remember, 
several years ago, I built for the Lehigh Valley R. R. an engine, 
and because the engine weighed 3,000 pounds more than other 
engines on the road, and had 17,500 pounds to the wheel, while 
other engines had in the neighborhood of 17,000 pounds, they 
would not allow the engine to run over the road until they 
had strengthened some of the bridges. And then, again, a 
short time afterwards, we built another engine which had 90,000 
pounds on six wheels, and the general superintendent would not 
allow the engine to run over the main division, where it was 
intended to run, for six months, until they had strengthened up 
a number of bridges, because there was 90,000 pounds on six 
wheels. There is no doubt in my mind that they had dozens of 
engines on that division all the time, which were putting as high 
as 30,000 pounds pressure on the rails right over the bridges. 
That is a question that is coming up all the time—the question 
of how much will you allow on a wheel? and yet, at the same 
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time, they have got double the load on the wheels, and do not 
know it. 

Now, as to the question of balancing these reciprocating parts. 
You take the different locomotive-builders; one man will say, 
balance al] the reciprocating parts ; another will say, balance half 
the reciprocating parts. A few years ago I built an engine in 
Boston, and we balanced two-thirds of the reciprocating parts. 
We got the engine out and ran it on the Shore Line to break it. 
in, and although the engine and tender weighed 100 tons when 
we ran it, without a train on it, up to sixty miles an hour, the 
engine would move so that it would jig the seat under me, show- 
ing that the unbalanced third of the reciprocating part was 
changing the direction of 100 tons at least 350 times a minute. 
We ran with the engine balanced in that way on a train for a 
week or so, and the superintendent sent out an expert to find 
out why the baggage wouldn’t stay piled up in the baggage-car, 
and the expert came back and said it was the fault of the springs: 
in the baggage-car. I knew what the trouble was, and so did the 
master-mechanic. We took the engine in and put 450 pounds of 
lead and antimony into the wheels, so that we balanced them 
fully up to the weight of the reciprocating parts. After that 
there was no trouble. Yet, when you got the engine up to a 
speed of ninety miles an hour, and put your hat-rim against the 
window-pane, you could feel the whole engine was trembling like 
a leaf with the terrific force which was disintegrating the whole 
machine. The bolts that held the cylinders on to the frame were 
sheared. The bolts that held the cylinders on to the boiler were _ 
sheared. The guides were broken loose from the cylinders. 
And after running the engine for three months at those high 
speeds, we spent nearly $1,500 in putting it in repair again, — 
while we had run the engine on another road for six or nine 
months before, where we did not get up those high speeds, and 
did not have any repairs at all. I have not any doubt that — 
fully one-third of the general repairs to a locomotive are due to | 
the unbalanced parts of the engine; and I have no doubt that 
fully one-third of the wear and tear of the track is due to the | 
same cause. 

On the Reading road, a few years ago, they had a lot of 
engines with very heavy reciprocating and revolving parts. One 
of those engines, at a speed of about seventy miles an hour, bent 
three miles of track, 76-pound rails, so that they had to take the 
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rails. out and throw them in the scrap heap until they could be 
straightened, and they sent them to Bethlehem to be straightened, — 
and put them in sidings. The locomotive left the mark of the 
flange on the top of the rail. In some places, where the wheel 
came on top of the rail, the engine left the track and ran nearly — Wig 4 
a hundred yards over the ties. Only a short time ago, I saw,on 
the North Penn. branch, a new piece of track which had only 
been down three years, and I walked about three miles, and «© 
counted in that distance between thirty and forty 80-pound rails — 5 
which had kinks that were distinct, some as large as two inches — 
in the length of the rail. The rails had to be taken up. ia 
Mr. F. W. Dean.—This matter of balancing locomotive driv-— ae 
ing-wheels and reciprocating parts, I think, is of fully as much — 
importance as Mr. Strong has represented, and also Mr. Morison. 
In my own experience in riding on locomotives I have noticed 
a great deal of vertical vibration, which could only be accounted — 
for, so far as I was able to account for it, by supposing that _ 
the wheels actually left the rails. The engine to which I refer — 
developed that maximum effect at a speed of almost exactly | 
sixty miles per hour. Below that speed it was hardly perceptible, — ic, 


and above it it was hardly But the of 


There are places, of course, where a speed of sixty miles per Sher, i = 
or any other speed, is maintained for a mile or two, and, of course, 
if it were maintained for only two miles, and had thiseffect on the 
engine, either in loosening the bolts or in general disintegration, © on 
it can still be considered of vital importance to the life of the - 
whole plant of the system. I think it is a matter to be és, ce ie i 
that the mechanical departments of most of our railroads arenot 
upon a higher plane. I make all the exceptions that everybody 
knows ought to be made. There are many roads which are con 7 
ducted intelligently in the mechanical department. The majority 
of re are not. — matter, I en is something which is 


people and it is bound sooner or sive to bring about the a 
ancing of locomotives. Mr. Strong has made studies i in this sub- mt 
ject, and, without doubt, has a design which will overcome = 
aimeulty perfectly. 
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unpleasant to a person upon the seat in the cab, and it was incon- 
ceivable to me that it could be produced except by the wheel 

actually leaving the rail. Ido not know that I had ever heard 

at that time that anybody knew that a wheel ever did leave the 

rail, but Professor Goss has amply shown that it does, and it 

would seem that these indentations that Mr. Strong has seen on 

the rail are additional proof. I hope that something will be done 

in this matter in the future. 

Prof. Gaetano Lanza.—Referring to this matter of balancing 
locomotives, it seems to me that the assumption most commonly 
made has been that we must balance the entire horizontal throw. 
In an ordinary locomotive it is not possible, by means of the usual 
counterbalance weights in the wheels, to balance both the horizon- 
tal and the vertical throw ; hence, if the entire horizontal throw is 
balanced there will be pounding. The question arises, what com- 
promise should be adopted between balancing the entire horizon- 
tal throw, and balancing only the vertical. I should like to ask 
whether any railroad man has ever tried balancing only the ver- 
tical and letting the horizontal go, and what happened. I am 
not recommending this, but I would like simply to know if it has 
ever been tried and how it succeeded, with a view of determining 
how much of the horizontal it is absolutely necessary or desirable 
to balance. 

Mr. Chas. T. Porter.—With respect to the cranks themselves, 
and the side-rods and the crank end of the connecting-rod, the 
vertical stresses of these parts and of the counterweights equal in 
weight to these parts are equal and opposite at any speed what- 
ever, and so there is no variation in the pressure on the rail. 
The piston, the cross-head, the piston-rod and the cross-head end 
of the connecting-rod are parts which have only a horizontal 
motion, and which need to be balanced. I apprehend that in the 
perfect locomotive some way will be found for balancing this por- 
tion of the reciprocating parts of the engine, other than by a 
revolving mass which has a vertical component whick cannot be 
balanced. Then it makes no matter how heavy the cranks are, 
how heavy the side-rods, or how heavy the crank end of the con- 
necting-rod is, because the counterweight, equal in weight to 
them, will have a stress equal and opposite to theirs in all direc- 
tions. I think that absolute steadiness of motion, with uniform 
pressure on the rails, can be obtained only by balancing the strictly 
reciprocating parts in some other way than by a revolving mass. 
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Mr. Forney.—I would say to Mr. Porter that Mr. Strong has 
been engaged in designing an engine in which he hopes to accom- __ 
plish that, “and I have been engaged in doing the same thing,and 
hope to accomplish what he is aiming at. i 

With reference to what Mr. Morison said, I would like to illus- 
trate my point a little further. If you will take his ideal strong _ 
man and his ideal heavy sledge, and let that man strike a blow 
with all his force directly on the rail, it is quite conceivable that the | 
man might break the rail. But suppose, instead of striking directly 
on the rail, you were to take a pair of driving wheels on an axle, . 
with driving boxes and eccentrics on it, and allow that man to a 
strike on the top of the driving w heel—evidently the effect on the © 
rail would be less than if he struck the rail directly. In the one 
case the blow of the sledge must overcome the entire inertia of _ 
the wheel before it affects the rail at all, when the motion of the ie ; 
locomotive is very rapid, and there must be sufficient time for the _ 
action of the centrifugal force to act against the inertia of the i 
wheel and affect the rail. If you will refer to the paper, at page — 
311, you will see there five rules, B to F, inclusive, and in the | 
lens. line of the last table you will see that the main wheel w as . 
counterbalanced 4 per cent. too heavy, and the rear wheel was 
counterbalanced 54 per cent. too heavy. Now if you will refer 
back to Fig. 115, on page 312, you will see that in the first dia- _ 
gram wire 1 was acted on by the forward driver or the main _ 
wheel, which was counterbalanced 4 per cent. too heavy. You 
can see that wheel had very little effect on the wire. If youcome — 
now to the second wire below that, it was the rear wheel which — 
was counterbalanced 54 per cent. too heavy, you can see there | 
that the driving wheel lifted clear of the rail. In other words, an — : 
excess of 54 percent. of counterbalance produced this effect of 
raising the wheel clear of the rail, and an excess of 4 per cent. did 7 * 
not, so that I say it is a fair inference that the great evils pre- _ 
sented here are due to over counterbalancing. Now,I am not | 
arguing that having this disturbing effect and this tendency isa 


good thing—not by any means. But do not let us delude our- di % R 


selves into the belief that the injurious effects are greater than 


they really are. 


4 


Mr. John McGeorge.—I would like to give one instance to show = 2 


the effect of the vertical counterbalance. The question is, what 
are we to counterbalance—the horizontally moving parts or the 
vertically moving — I have in my mind an instance of ae 
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rolling-mill engine which was very heavily loaded and running 
very fast. That engine had to have the brick-work repeatedly 
repaired. The excess of counterbalance, as Mr. Forney puts it, 
was exercised, I suppose, vertically, and crushed the brick-work 
under the crank end, and the makers of the engine had to alter 
their patterns so as to give an excess of bearing surface under that — 
end of the engine to stop that result. I just cite this to show 
the evil influence of what Mr. Forney, I suppose, is referring to 
as overbalancing. It is certainly overbalanced vertically, but not 
horizontally. Now the question is, where will you compromise ? 

Mr. Morison.—Mr. Forney is undoubtedly correct in stating 
that it takes some time to get the full effects of any variation in 
weight or pressure, but I think he is entirely wrong in assuming 
that the blow is at the top of the driving wheel. The blow is 
struck by the driving wheel itself, and is struck on the rail at the 
bottom of the driving wheel, where the driving wheel is in contact 
with the rail. The stone, and not the man, really represents the 
rail. I think there is no doubt that it does take time to distribute 
the effect over the rail, and so over the roadbed, and this is in a 
measure a relief to the rail from the apparent immediate effects, 
but the effect comes just as much. There is a varying pressure 
which is a source of constant wear, and source of constant strain, 
on the whole engine, because, not only does it make a vertical 
disturbance, but it makes a continual difference in adhesion. 
Furthermore, I think there is no doubt that some serious ac- 
cidents, which have never been explained, have really been due 
to this cause. Any one who has had anything to do with a rail- 
road over an undulating country knows how trains run at the 
foot of grades, knows that often a heavy freight-train, at the foot 
of a grade, is running just as fast as it can go to get a momentum 
to take it up the grade beyond. Almost all bent rails have been 
found right down between two hills. I am inclined to think 
it has been rather fortunate that wheels have occasionally left the 
rails, and left their visible marks, for this has opened our eyes to 
the risks we are running. 

Mr. Oberlin Smith—I think Mr. Morison is right in saying 
that the alleged blow is struck by the wheel itself rather than by 
anything else. 

Mr. Forney.—Will you allow me to ask a question? If you 


take a pulley which is not balanced, does that pulley produce a 
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Mr. Smith.—No, sir. 
_ Mr. Forney.—Now, if you put a balance in, it does producea 
blow. Which produces the blow, the balance or the pulley ? : ‘. 

Mr. Smith—I am coming to that. I was just going to remark 
that there is not any blow there. A hammer blow i is a sudden | ey 
striking of something or another with something else which has f- 
a lot of living force. Now, in a locomotive wheel, it is purely an 
undulating pressure. We start at the point of balance with no 
pressure on the rail except that part of the weight of the loco-— 
motive that is on the wheel in question. Then the centrifugal — 
force of the unbalanced parts tries to throw the wheel down or — Be: ; 
up, as the case may be, thereby increasing or decreasing me 
pressure on the rail. This action accelerates and diminishes 
periodically, but there is nothing sudden about it. If the rail 
were like putty or soap it would be embossed into definite waves. __ 
As, however, it is somewhat elastic it is only partially and slowly _ 
so affected. As to there being any hammer blow, I do not see 
where it is. 

Mr. Strong.—I want to describe the action of the engine on 
this track that I examined on the North Penn. Road. These 
badly bent rails were at the foot of the grade, as Mr. Morison 
says, and on a curve. Now, the locomotive being:coupled up on 
the quarters, of course the variation comes alternately on one side 
and then on the other. The result of it is, the lifting on one side, 
then the lifting on the other side, puts the engine into a rolling 
motion, and when you get up to the point where the wheel 
actually leaves the rail, the wheel comes up and then goes down 
in such a way.as to strike the rail and bend it in. All these are 
down and in, some places as much as half an inch, perhaps two 
inches down—not in the whole length of the rail, but it would be 
between two ties. It is a regular kink. It is not a long, easy 
curve, but it is a distinct bend, almost as distinct as if the driving 
wheel was let down into it. In every case the rail is bent in two 
directions, down and in, never out, showing that the engine gets 
this rolling motion, and the wheels strike a blow as they come 
down and in. 

Professor Webb.—I think you can see that it is the wheel that 
strikes the blow; that it is the wheel that is really the hammer, 
by remembering the law of mechanics that any body—in this 
case a circular body—whose centre of gravity is not in the centre 
of the circle tends to revolve about the centre of gravity and not 
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about the centre of the circle. In this case, if I am right, the 
centre of gravity of the wheel is about one-tenth of an inch from 
the centre of the shaft, and therefore the wheel is trying to 
revolve about this point. We are therefore running an eccentric — 
wheel on the track, and it will give to the track a hammer blow, 
if you please to call it that. To have the wheel run smoothly the 
track has got to get out of the way, and the track, refusing to do 
this, makes all the trouble. If the track does not get out of the 
way the centre of the wheel has got to rise and fall five times a 
second through a fifth of an inch. To appreciate the real action 
of the virtually eccentric driver, suppose the wheel to be perfectly 
balanced and running smoothly, and then put upon the track a 
bar of iron, say one inch wide and varying in thickness from 
almost nothing to a fifth of an inch every dozen or fifteen feet, or 
whatever the “ciroumference of the driver may be, and let thé 
driver rush over it at full speed, bobbing up and down a fifth of 
an inch five times a second, or jumping clear of it in the attempt 
to do so. 
Mr. William Forsyth.—It must be a satisfaction to railroad 
mechanical engineers, that after the very thorough mathemati-_ 
cal analysis of the effects of the excess balance in locomotive — 
driving-wheels by Mr. Barnes and Professor Webb, the first con-_ 
clusion reached is, “the method in common use which nel 


two-thirds of the reciprocating parts is practically perfect, so far 


as the locomotive is concerned.” We are interested also in the 
conclusion relating to the effect on the rails of this excess balance 
at high speeds, as accusation is frequently made by the chief 
engineers and roadmasters, who are responsible for the condition - 
of the track, that locomotives, when balanced according to the ~ 
above rule, often damage the rails by excessive blows or pressures 
from the drivers. Mr. Barnes’s conclusion (0) would seem to— 
sustain this view, but I do not agree that the danger-point is 
reached at 65 miles per hour for engines having wheels less ond 
6 feet (that is, say, 69 inches diameter), and the form of cross-head, 
piston, and front end of main rod now in general use on some of 
our American railroads. I will illustrate this by giving the cen- 
trifugal force of the excess balance in our 6-wheel connected 
heavy express engines, Class H, and our 4-wheel connected express 
engines, Class M, each having 69-inch drivers. In the case of 
6-wheel connected engine the 3 of the weight of the reciprocating 
parts is divided by 3 for one side, making % in-each wheel. 
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i This, with a 19-inch piston and a cross-head weighing 250 pounds, = 
amounts to only 160 pounds at crank-pin centre for one wheel, 

and the centrifugal force at 70 miles per hour is 6,373 pounds, and 

at 80 miles per hour it is 8,323 pounds. The speed at which the _ 
centrifugal force of this excess weight equals the static weight on 
drivers is 114 miles per hour. For the M engine, 4-wheel con- __ 
nected, the excess weight in each wheel is 225 pounds. The 
centrifugal force of this weight at 80 miles per hour is 11,700 
pounds, and the speed required to make it equal to the static — 
weight on driver, 16,500 pounds, is 95 miles per hour. Coming = 
now to Mr. Barnee’s conclusion (f), we must infer that it is 
prudent, and may be considered good practice, to run these engines 
at the speeds mentioned, and that damage to rails’ would i“ 
occur, because, at the speed of 114 miles for the H, and 95 miles 
for the M engines, the centrifugal force of the excess balance does © gets 
not exceed the static pressure of the wheel upon the rail. These — 

are my reasons for believing that the excess balance in _ ba 
designed American locomotives i is not too great,and that they may _ 
be run safely, so far as damage to track is concerned, and at 
speeds of about 100 miles per hour. & 

In conclusion (7) Mr. Barnes states: “There appears to be 
no way of determining what the impact pressure is.” “ About all | 
that is known is that it is sufficient at times to kink a 70- a 
rail, when engines with small wheels and improper counter- 
balance run at high speed.” There is no evidence presented, and 
I do not believe that any can be found in practice, to prove that 
an express locomotive, designed according to the best American 
practice, and . balanced according to the rule given, has ever 
damaged the rails at any speeds thus far obtained. Further, there a Be 
is no way of showing, by mathematics, that under the condition = 
named any such damage would occur. 

My own opinion of the whole question is that on nearly every 
road there is some bad practice which is irregular, and that in 
every case where 70-pound rails have been kinked, it has been due 
either to 7 

(1) Small wheels running at excessive speeds. it: 

(2) Abnormal balancing, permanently, by the use of too large 
a proportion of the reciprocating weight, or, temporarily, by the 
removal of the rods. 

(83) The use of reciprocating parts entirely too heavy, and 
heavier than present - practice. 


we 
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(4¥-Ascombination of the above. 

Such-eases, which cannot be called good practice, have resulted 
in a general attack upon present locomotive design, and a demand 
for radical changes in the arrangement of the reciprocating parts _ 
of the engines. The advocates of such changes have, so far as I - 
can see, no good reasons for them, and they will find nothing in 
Mr. Barnes’s paper to sustain any arguments they may present. 

Prof. W. F. M. Goss.—Those who have given attention to 
the counterbalance problem, or have had occasion to study the 
stresses set up in locomotive frames by the action of the moving 
parts, will find a source of new interest in Mr. Barnes’s complete 
and ingenious analysis; an especially significant feature is the 
diagram representing the path of the centre of gravity of a drive- 
wheel under the assumed conditions stated. This curve in this 
diagram shows that the vertical motion of the wheel is not the — 
same during successive revolutions, but that there is a multiplica- 
tion of effect extending through a series of revolutions; a con- 
clusion which is quite in harmony with the results given by the 
Purdue experiments, to which reference has been made, and which 
are described at length in another paper. 


Mr. Parsons.—I want to make a few remarks on the papers of 
Mr, Barnes and of Professor Goss. Taking Professor Goss’s fig- 
ures, that 400 pounds is the unbalanced weight at 1 foot radius 


in one rear wheel, and assuming 300 revolutions per minute, I 
have drawn a curve to show the vertical unbalanced forces for 

one rear wheel (Fig. 118). 

These forces are shown by the solid line, and the curve would 

be that for the rear right-hand wheel. It represents the vertical 
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components of the forces, and is a curve of sines. Now,ontopof 
this draw another curve of sines, set backward through 90 dee 
grees, shown dotted. It, of course, will be the curve for the — 
wheel on the left-hand side. Now, the engine weighed 28,000 
pounds on one set of drivers, so that 28,000 pounds was acting 
downward on one axle at the centre. Now, the vertical ordinates 
above the horizontal line represent the forces due to the unbal- 
anced parts upward against the springs, and the ordinates down- 
ward represent the forces downward against the track, which, of _ 
course, in this case are against the supporting wheel. The figures, — 
measured graphically, give a maxinium lifting force of 12,260 
pounds for each wheel. That force has a lever arm of the full 
length of the axle, while the weight has only a lever arm half the _ 
length of the axle. Thus, the unbalanced force in one wheel 
would nearly lift the wheel fromthe track. This result is illus- 
trated in Professor Goss’s diagrams, as you will see on page 313 of 
his paper, where, for 315:8 revolutions, the wheel on the right side 
nearly left the track. It just came up to the top of the wire, and 
fell. Also, at 310 revolutions the rear wheel on the right side of oo :. 
the engine did not quite rise to the top of the wire. But one 
wheel is operating at the same time as the other wheel, so that — re Pe. 
the forces due to the unbalanced weights are acting simultaneously _ n a 
in each wheel. In other words, the dash and dotted curve is the © fon 
resultant of the other two. This resultant force has a maximum ie aan 
upward of about 16,600 pounds. You will notice that the maxi- _ 2 a. 
mum upward takes place just after the counterweight in the is ta 
right-hand wheel has passed the centre and just before ‘the weight 
of the left-hand wheel has reached the centre. This result is 
trated in the experiment with the wires. When the counterbal- he. oo. 
ance has just passed the centre on the right-hand wheel, the left- a a “a 
hand wheel leaves the track. The maximum effect on one wheel n nee 
. has taken place and is decreasing, and the effect on the opposite ee a 
wheel is increasing. It is also interesting to note that while the 
upward maximum pressure is not sufficient to lift the wheel from 

the rail at the speed assumed, the left-hand wheel does actually 

lift clear of the rail, while the right-hand wheel on the other side 
does not. That is shown in the paper on page 314, where the = 
rear driver on the right side did not leave, while the one on the _ - 
left side did, when running at 310.5 revolutions. Of course, these 
forces, acting intermittently on opposite sides, will produce a vibra- 

tion of the engine body. When that engine body motion syn- a a 


| 
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chronizes with the forces developed in the drivers, the effect 
should be maximum, and there is no doubt that such is the case. 
These calculations are, of course, theoretical; but the engine was 
also running on a theoretical track.. The calculations appear to 
agree perfectly with the experiments made with the wires. It 
would be interesting, however, if possible, to measure the vertical 
oscillation of the engine itself on both sides at the same time that 
the wires are passing under the wheels. It could probably be 
shown that the effect was a maximum, due to the oscillations 
produced by the upward and downward forces of the unbalanced 
weights at the same time when the wire passed under the wheel 
without being crushed. I co not know whether the engine is so 
arranged that such a measurement could be made, but if it could 
I think it would be very interesting. In actual practice on a 
track there are, of course,a great many independent forces which 
tend to lift the wheels, which forces are not found, perhaps, 
under the more perfect conditions that éxist with the experimental 
engine at Purdue University. 

Now, I suggest that the reason for these results is probably 
that when the weight of the right-hand wheel has just passed the 
centre it has practically struck a blow against the springs of the 
engine. This action has ceased before the weight in the left-hand 
driver has reached its maximum force and the springs of the 
right side are beginning to recover. As the maximum upward 
force in the left-hand wheel is approached, the effect is greater 
than for the right-hand wheel, since the engine body is following 
the right-hand spring, that is now being released, and in conse- 
quence the left-hand wheel will lift from the track at speeds too 
slow to lift the right-hand wheel. The right-hand side of the 
engine is supposed to lead by a quarter revolution. 

Mr. Barr.—I would like to ask the last speaker if that 16,600 
pounds is not the resultant on the axle? It seems to me that 
neither wheel could be lifted unless the resultant was at least 14,- 
000 pounds. Isnot that 16,600 pounds the resultant on the axle? 

Mr. Parsons.—lIt is the resultant on the axle, and is not suffi- 
cient in itself to lift the engine. But the experiments show that 
the engine leaves the track on the left-hand side at about 300 
revolutions, while on the right-hand side it does not. I merely 
offer as a suggestion that this result is probably due to the effect 
of the upward force in the right-hand wheel which has not 
ceased before the force in the left-hand wheel begins = = 
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Mr. Barr.—My point is that 14,000 pounds upward on either 
wheel would just lift that wheel from the track ; 14,000 pounds 
on both wheels would lift both wheels from. the track. If the 
upward force was less than 14,000 pounds, neither wheel would 
leave the track. 

Mr. Parsons.—That is so. The experiments do not show that 
the right-hand wheel, at the speeds about which we are talking, 
left the track. My results are based on 300 revolutions. At 
310.5 it did not leave the track, but at 310 revolutions the left- 
hand wheel did leave the track. 

Mr. Barr.— What was the upward force on that wheel at that 
speed, do you know ? 

Mr. Parsons.—No; I did not calculate for 310.5 revolutions; 
but it must be a little greater than that for 300 revolutions. 

Mr. Barr.—That 16,600 resultant would not lift either wheel ? 

Mr. Parsons.—No; not as a resultant force, and I do not pro- 
pose to say that it should. I did not purpose to state that it does 
lift that driving-wheel. 


effect of the upward force in the right-hand wheel, combined with 


its springs, is not over before the left-hand one commences, and — 


But I do state this, that: probably the 


that the upward force has struck the springs, if I may be allowed 


that expression, on the right-hand side, and has perhaps reduced “is 
the apparent weight on the left-hand side by the time that the _ 
left-hand weight has reached its maximum, so that the left-hand — 


wheel may leave the track under an upward force too small to 
lift it when at rest. The left-hand wheel, in Professor Goss’s 


experiments, does leave the track at speeds when the right-hand | 


wheel does not. I assume, however, that the right-hand wheel 
is the leading wheel. 


Mr. Kent.—It seems inconceivable to me how a lifting force on +e ; 


one wheel can be transmitted across the axle and applied to the 


other wheel, which acts asa fulcrum. I can understand that the ae ‘i 
two lifting forces can be added together in their action—the two ‘ “ 3 
wheels together, or on the axle. But how any lifting force on ie  — 
one wheel can be converted into a lifting force on the other wheel = 
I cannot see. 4 
Mr. Parsons.—Mr. Kent does not follow me. The lifting force ~ a 
on the right-hand side strikes the springs, and the springs for an 
instant are compressed. There is a vibration set up inthe engine 
body, and the effect is transferred to the opposite journal. It Ms “oe 
then reverses itself, perhaps, and comes back on the first 
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so as to relieve for an instant the axle pressure on the journal on 
the left-hand side. At the same instant the counterpoise on the 
left-hand side is increasing towards its maximum upward force. 
The maximum effect is reached when the two combined show a 
maximum. Then, Professor Goss’s experiments prove that the 
left-hand wheel leaves the track. I merely offer the above as a 
suggestion which may account for the agreement of the experi- 
ments with the curves as laid down, and as a reason why the left- 
hand wheel leaves the track at speeds too slow to lift the right- 
hand one. 

Mr. Barr.—It seems to me that if the last explanation, which 
seems a plausible one, is the true reason for this observed fact, 
it is due more toa roll in the mass of the engine, and this is 
a question of strength of spring and mass rather than of combin- 
ing these diagrams. It may coincide with that maximum point 
or it may not. 

Mr. Parsons.—Mr. Goss says: “ The first to be noticed is the 
rocking of the engine upon its springs, which motion tends to 
vary the pressure of the wheel upon the track, independently of 
the action of the counterbalance.” Now, if there was no blow 
struck upon the springs, the engine body would stay perfectly 
still, on account of the manner in which it is erected. He says 
it does rock. What makes it rock? It is the upward and down- 
ward “ blows” which are struck by the unbalanced counterpoises. 
Assuming 300 revolutions, this is the result on the blackboard, 
and it agrees exactly with the diagrams which Professor Goss 
gives of the result of actual experiments, made by passing the 
wires under the wheels; and the point at which the maximum 
effect takes place is coincident. with that shown on the blackboard. 

Mr. Barnes states in his paper that the flat spots in the tires 
of fast-moving engines “ will generally be found following the 
crank, that is, at a point where the tire touches the rail when the 
crank has passed the 90 degree point or lower quarter, the engine 
running ahead.” That is a point on the tire when the counter- 
poise has just passed the top centre. 

Mr. Geo. R. Henderson.—Might I just call attention to the fact 
that the diagram shows what we all know very well—the reason 
why the slid places, or places worn most on the tire, are about 
4 of a revolution from the crank, because at that point we get 
the maximum lifting force on both wheels, and any slipping 
would occur at 45 degrees past the zero point, where both the 
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forces would sum up the greatest total. It is a matter well 
known to us all, but it is shown up very nicely in that diagram. 

Mr. Geo. S. Morison.—! have not much to say, but I want to 
ask if an admission in Mr. Barnes’s paper is a proper admission 
for an engineer to make. On page 288, under the head of f, Mr. 
Barnes makes the statement, which I think is undoubtedly true, 
that the impressed load due to the excess balance is often double 
the static load, and the pressure at the point of impact when the 
wheel lifts from the rail and drops is even greater. On the same 
page, in the 3d line, he says that the only practical way in 
which the excess balance can be reduced is by reducing the 
weights of the reciprocating parts. In other words, he implies 
that there is no possible way of correcting this trouble; that it is 
impossible to have a locomotive that will run at high speeds with- 
out an extreme variation in the weights on the track. It can be 
reduced, he says, but it cannot be eliminated. If it is reduced, we 
have only to increase the speed of the engine and the speed of the 
train, which I fear we shall soon do, to make up for all the reduc- 
tion, and be just as badly off as we are now. Now, I do not think 
it is to be admitted for a moment that an engine cannot be built 
which will obviate this difficulty and not only reduce it; it 7a 
possible thing to design an engine which will balance itself. I do 
not know that much should be said about a machine that has not 
yet been built, but Mr. Strong has designed an engine which 
meets this difficulty from an entirely different point of view from 
Mr. Barnes’s conclusions, and which, I believe, will accomplish its 
object successfully. The main point is that we have before us 
conditions on the rails, shown in Mr. Barnes’s paper and by a 
great deal of other literature to be as complicated conditions as 
we can imagine, and full of disturbances. It is a very fortunate 
thing that, in the last two or three years, these disturbances have 
been written about and investigated. We are coming to the same 
conclusion about running a locomotive over a railroad that some 
people find the human body to be in; when we examine it we 
wonder that a man can live, and we wonder that a train can stay 
on the track. I am unwilling, for one, to accept the conclusions 
of Mr. Barnes. I think the study of locomotive design should be 
based on eliminating these disturbances, which can be done, not 
merely on reducing them ; it can be done by the simple process of 
balanciig the parts that revolve by parts that revolve, and by 
ii those which do not revolve by parts which do not re- 
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_volve. There is no other way of reaching a result which will be 
_ satisfactory for all speeds and all conditions. 

Mr. Geo. 8. Strong.—I would like to mention one point which 
Mr. Barnes makes in his paper. His method of overcoming the 
difficulty, so far as it can be overcome in this way, is by reducing 
the reciprocating parts in weight, and by large driving wheels. 
According to his statement he can only reduce the reciprocating 
weights about 40 per cent. Now, we know there are a great 
many compound locomotives which have been built the last two or 
three years that have pistons and reciprocating weights on one 
side of an engine that weigh a ton; instead of weighing 250 or 
300 pounds, as he gives, they weigh over 2,000. The tendency is 
toward compounding, and when we get these excessive weights 
and attempt to balance them in the wheels we get into this trouble 
worse and worse. Take the case I spoke of the other evening, 
where a Baldwin engine had left the track after spoiling three 
miles of 76-pound rails. Afterwards that engine was found to 
have only 80 pounds more counterweight than the usual practice 
for Baldwin locomotives to put into that size wheel. Only 80 
pounds did the damage. Now we will find a great many loco- 
motive builders to-day that are counterbalancing their engines 
fully up to the amount of the reciprocating weight, simply to get 
smooth-running engines that wont jig the train. Regarding the 
large-wheel question, we all know what the locomotive is called 
on to do to-day, and that is to take a heavy train and make a 
fast schedule over an undulating road. It must develop a very 
large horse-power. It must develop 1,500 horse-power to take 
a 12-car train and make 60 miles an hour with it. To do 
that it must have a high piston speed. Now there is not any 
reason why an engine cannot be so balanced as to eliminate this 
difficulty entirely, and then a 5-foot wheel is better for the aver- 
age American road for these heavy trains than a 7-foot wheel is. 
We all know that the fastest schedules made to-day in this country 
are on local trains. They are not on the through trains, that do 
not make any stops, but on local trains, where you have to stop 
every mile or every few miles, and then put an engine up to 70_ 
miles an hour to make the schedule. I have pulled such trains on > 
the Pennsylvania road, where they make 33 stops in 33 miles and © 
make that distance in a little over an hour. These trains go up 
to 70 miles an hour every opportunity they have between those — 
places to make that schedule. Then you take it on an undulating 
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road, such as the road is between Philadelphia and Baltimore, on © 
the Baltimore and Ohio—there is a succession of hills. If you get — 


on a locomotive and ride over that road you will see what kind of — Ee 
a road it is. It is simply up and down all the time. Thereisa _ 
bridge at the foot of every grade. You take a big wheelanda _ 


heavy train, that train will sag every time you strike a grade. 
The fellow simply takes his brake off and lets the train go full 
tilt down the hill. As Mr. Fritz said to me a few years ago in © 
regard to engines for the Lehigh Valley Road: “The ideal loco- | 


motive is the one that will make a maximum speed up hill as well | ; 


as down.” The Lehigh Valley had a speed of 35 miles an hour 
up those mountains, and they would not allow the engineer to run 
down the mountain faster than he would run up the mountain. 
That is good railroading. The question is one of very great im- 


portance. The question of the cost of the locomotive is not any- — 


thing when you come to consider all these other questions. You — 


have been discussing the axle—what breaks axles? Simply, bad 


tracks. What causes excess of wear of the locomotive? What 


makes the average repairs of a locomotive cost from three to five ok 
cents a mile? It is simply the vibration in the engine due tothe _ 


knocks that the engine gets on the track, and unbalanced parts. 
The Chairman.—We have heard Mr. Strong’s new design of | 


engine spoken of several times. I would like to ask Mr. Strong : : 
whether he has his plans far enough advanced to enable him to 


give us a general idea of what his engine is to be ¢ 


Mr. Strong.—I would say that I have had this matter under tay 


consideration for something like twelve years, and I started out 
originally with balancing with a beam, and my idea at that time — 
was to make the centre of the beam between the two drivers, — 
having this beam coupled to the cross-heads. I afterwards 
designed another engine in which I had the beam farther forward. 


Now I very soon gave up that idea, from the fact that it is a es 


fundamental principle in any machine where you have so many _ 
revolutions and so many changes of direction of these parts, you — 


cannot afford to have a beam, and add to the weight of your 
reciprocating parts. In fact, the beam centre, although it might 
be ten inches in diameter, would wear very rapidly,anda beamin 


that place for a very high speed is not practicable. I gave that — 
up, and deyised the scheme of Figs. 119 to 121. 


In this case we have a 4-cylinder engine. The high-pressure -: x 


cylinder is inside, coupled to the crank — 9 inches in diam- 
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eter, and made out of nickeled steel, oil-tempered. The axle is 
so much in excess of the strength of any ordinary straight axle 
that the factor of safety is very much larger than used in any 
ordinary machine of the same power. Then the distance between 
the two centres is as close as we can make it, and not large 
enough to cause any great disturbance in transmitting that force 
around which would tend to revolve around this centre, of 
course. Then I make a low-pressure piston, 24 inches in diam- 
eter, made out of ,% steel plate, having the piston-rod itself 

made out of nickeled steel and chambered out the full length. 
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IN LOCOMOTIVE DRIVE-WHEELS. 
The piston-rod is only 4 inch thick. The piston itself is only $ inch 
thick. The working surface is a cast-iron surface. The plates 
that form the piston are riveted on to the head, which is cham- = 
bered out, making eee piston- -rods just as light as we can make 
them. 
correspond in weight with that piston, 80 that our sseewettee: tes 
weights are exactly the same on the two cranks that are directly — 
opposite. That enables us to reduce the amount of revolving - 
weights very much. In fact, we have no reciprocating weights to _ 
balance in the wheel, and we balance this crank and these revoly- _ i. 
ing parts at the same distance from the centre of the driver that 
these revolving parts are, so that we do not pretend on this axle 
to take care of the vibration due to these parts, or make the two 
cranks balance one another. One crank is 90 degrees from 
the other, and the others 180 degrees from the first ones, so 
that these two pistons, being about 17 inches in diameter, m 2 
large enough to slip the drivers. They do not require any start-_ _ 3 
ing valves. In fact, we start just the same as an ordinary engine 
would start, and as quick as it could. For a part of the revo- or : 
lution the low-pressure piston will help us, so that the engine athe 
never works high-pressure but always compound. The cost, of 
course, of these parts, until we have special facilities for making = 
them, will add something to the cost of the engine,and we expect 
to reduce the wear, and to reduce repairs enough so that the inter. an 
est on the investment will be more than saved ‘by reduced repairs. 
The Chairman.—Will you be kind enough to state how you | AS: Yea Bs 
start that starting-gear, and get the full benefit of 
moment ? 
Mr. Strong—We have our two high-pressure pistons on the — 
crank at 90 degrees from one another, and they are large enough ~ 
diameter to slip the wheels. 
The Chairman.—You can start with a high-pressure piston 
any aid from the low-pressure at all 
Mr. Strong.—Yes. I should be very much pleased a little later 
to give the Society full data in regard to tests we are going to 
make in a short time. We would like very much to test it on i is 
Professor Goss’s testing machine, and give you the results of y 2 = 


those tests. 
Prof. W..F. M. Goss.*—It has been said in the course of the 


* Author’s closure to discussion on paper No. 625, under the Rules. 
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fact that the wheels experimented upon were very much over- 
balanced. It is, indeed, shown by the paper that the balance 
carried by two of the wheels was more than 50 per cent. in excess 
of that allowed by the average of five different rules, but it is 
also shown that practice cannot always conform to the rule. 
The rule may require 80 per cent. of the reciprocating parts to be 
balanced, but to secure a smooth riding engine, the rule is vio- 
lated, and 95 per cent. or even 100 per cent. of the reciprocating 
parts are balanced. The rule also provides for an equal distribu- 
tion of the balance for reciprocating parts, among the several 
coupled wheels, but practice makes use of an unequal distribu- 
tion. That is, when a result is desired which cannot be had by 
an adherence to the rules, the rules are departed from. As a 
matter of fact, therefore, one is not required to look long on the 
road to find wheels carrying a balance as heavy as that carried 
by the rear wheels of the Purdue locomotive. 

But even if we assume that there is no violation of rule, the 
conditions of the experiments do not fail to meet the case. The 
first results presented are those which were obtained from a 
wheel (forward wheel) balanced quite in accord with the rule, 
and the first formal conclusion noted is that ‘“ wheels balanced 
according to usual rules . . . are not likely to leave the 
track through the action of the counterbalance. . . .” 

Mr. Dawid L. Barnes.*—Mr. Forney thinks that the inertia of 
the driving wheel and the parts below the spring must be over- | 
come before the wheel can lift from the rail; the fact is, that these 
parts get into oscillation between the spring of the rail and the 
driving spring, and may lift from the rail by reason of an increase 
in amplitude of oscillation before the centrifugal force is sufficient 
to lift the wheel of itself. That is to say, the wheel may lift 
from the rail before the centrifugal force is equal to the normal 
weight of the wheel on the rail. This I have referred to in 
Conclusion (9). 

Mr. Forney says that the Purdue locomotive was overbalanced 
when compared with the common rules, but to show that this is 
not the case I will refer him to a report on counterbalancing, pre- 
sented at the November meeting of the Southern and Southwest- — 
ern Railway Club, in which are given nineteen rules, some of 
which, if followed out inthe case of the Purdue locomotive, would 
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give as much, if not more, counterbalance than is now on the 
Purdue engine. These rules are shown by Table D, which is 


taken from the Railroad Gazette, January 11, 1895, page 24. 


TABLE D. 


Preyer. 44 This rule only balances 3 of revolving parts. 


see 


When reciprocating parts are light. 
When reciprocating parts are heavy. 


§ 50 none | Light engines. ’ the 

**! 7100 none | Heavy engines. Mi 

14 50 none | Passenger engines, tat 

838 none | Freight engines, 

3 50 50 Approximate, 


* Balance until engine rides smoothly and use no counterbalance for freight engines. 
+t Weight of front end of main rod when resting on scales. 


Some of these rules are used on prominent roads in this coun- 
try. One of the largest roads here balances some of its locomo- 
tives just about as the Purdue engine is balanced. re 
a It is not quite clear what Mr. Forney means by “the superflu. 
ous effect of the action of the counterbalance.” If Mr. Forney © 
means all of the effect of the “excess balance,” then he is quite 
right in saying that it is only the “excess ” which has a tendency 
to raise the wheels from the track. But if this construction of _ 
his remarks is correct, then Mr. Forney is wrong in saying “ It 
is for this reason that it is only when the wheel is over-balanced — 
that this effect takes a This appears from the fact that all - 
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locomotives of common construction must have some “ excess 
balance” to counteract the effect of reciprocating parts, or they 
would be unsafe to run, and such engines are not to be considered 
as “ over-balanced.” 

Mr. Forney thinks that the lifting of the wheel from the track, 
exhibited by Professor Goss, does not seem to be “ “ so much 
importance as would appear from the paper before us.” On the 
contrary, it seems that the importance of Professor Goss’s work 
has impressed itself very strongly upon the minds of railroad 
men. The single fact that the engine is balanced like a good 
many others in this country, ard that at 60 miles an hour the 
wheel lifts from the rail, or carrying wheel, is enough of itself to 
produce a lasting impression. | 

Mr. Forney’s amusing examples to illumine his remarks are 
proverbial, and in this case he has made no exception. Perhaps 
the funny side of what he has said is none the less funny because 
he happens to have got the sledge-hammer, the stone, and the 
man’s stomach somewhat mixed in order in the application to 
this case. The stomach is all right, for that represents the rail, 
but the rock, being the heavier body, is only to be logically taken 
as the driving wheel. Now, if the circus man had put the sledge- 
hammer on his stomach, and if the attendant had hit it with the 
rock, he would not have had such a comfortable smile on his 
countenance when he rose to face the audience. 

Professor Webb thinks that “ Perhaps undue attention is 
attracted by the fact of the wheel lifting.” But Professor Webb 
has not shown that the severe bending of the rails, which has 
taken place in practice, is caused by anything else than the lifting 
of the wheel. While it is true that it has been assumed that bent 
rails have been caused by wheels lifting from the track, and it 
has not been proven, yet the evidence is so strong that one can 
almost believe that the burden of proof is on the “ other fellow,” 
who holds that the lifting of the wheel is unimportant. 

Mr. George Strong gives an example of a locomotive that was 
certainly in bad shape, not only before he changed the balance, 
but afterwards as well, for I have never known but one locomo- 
tive to give trouble from sheared bolts, because of the weight of 
the counterbalance, and that locomotive was a 4-cylinder com- 
pound, with the reciprocating parts heavy enough for a large 
river steamboat. I suspect that, in Mr. Strong’s case, there was 
something wrong about the compression line on the indicator 
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pressioti to absorb the momentum of the reciprocating parts ag Ae 
gradually. If I remember correctly, his engine had a — : 
valve motion. 
Mr. Strong’s attention might be called to the fact that the re- _ 
pairs to a locomotive and their causes are, after years of experi- ihe 
ence, pretty well understood, and it would require quite a stretch 
of imagination to bring one-third of those repairs within limits of 
the effect of the counterbalancing. One-third of the wear = 
tear of a track is a very large amount to attribute to counter- _ es 
balancing, on a road where the mechanical department is doing its _ 
duty. Rail wear, low joints, wash-outs, decayed ties, anda num- 
ber of other important track repairs cannot be attributed to 
counterbalancing. It may be that broken and bent rails, broken _ ; 
fish-plates, and, to some extent, worn ties and loosespikes, are con- | 
siderably increased by the effect of counterbalancing, but are not = 
wholly caused by it. But all of these last mentioned do not make ie 
' up one-third of the wear and tear of tracks. It must be remem- 
bered that for every locomotive driving wheel that goes over a _ a 
given point in the track, there are about 80 car wheels, some of , x 
which may have bad flat spots, and if they have it would take a — Bs: ea 
pretty bad piece of counterbalancing to give an equally bad el —— 
The fact of wheels lifting from the track has been known for a 
good many years. Mr. Charles Paine, a prominent member of 
this Society, has told me of a test made a number of years ago 
when he was on the Lake Shore road. In this case, if I ree 
member correctly, the rails were chalked, and a locomotive with- 
out truck wheels was run at high speed over the rails with the 
result that there were some points on the track where the chalk 
was not disturbed. 
Mr. Dean regrets that the mechanical departments of railroads 
are not on a higher plane, but he forgets that locomotives are 
almost always counterbalanced by the locomotive builders, and 
that they are primarily responsible. This is pretty clearly shown 
in the reports on counterbalancing before the Southern and 
Southwestern Railway Club, to which I have before referred. 
In answer to Professor Lanza’s question whether any. one “ has 
ever tried balancing only the vertical, and letting the horizontal 
go, and what happens?” it is to be understood that he means the 
balancing of the revolving parts and omitting all balance for the 
reciprocating parts ; this has been tried in greater or less degree 
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a good many times, with the uniform result that as soon as the 
engine moves rapidly the shaking is beyond endurance. 

Mr. Strong is wrong in assuming that the rolling motion is 
what bends the rails. The time of vibration of the rolling is 
longer than the time of revolution of the wheel ; that is, the rolling 
of the engine is slow and easy compared to the vertical oscillation 
of the driving wheel. It may happen that the engine rolls down 
on the same side on which the counterbalance is down, and may 
slightly increase the tension of the driving springs on that side, 
but this would be an unimportant increase compared with the 
effect of the counterbalance itself. 

Professor Webb’s illustration of the uneven track is a very good 
one, and seems to meet the conditions exactly. 

This discussion has not taken sufficient notice of the important 
fact that when locomotives are run over the road without rods 
the condition is an aggravated one, and damage is very likely to 
result, even at ordinary speeds. Some railroad men know this — 
from practical experience, and have tried to impress on the oper-_ 
ating departments the necessity for reducing the speed of trains 
when “dead” engines are being hauled. 

Mr. Parsons assumes that, in the case of the Purdue loco- 
motive, there is 28,000 pounds acting down at the centre of the 
axle. In fact, there are two forces, of 14,000 pounds each, acting © 
down, one on each side. The centrifugal force of the counter- 
balance acts just outside of the point where the larger part of the 
14,000 pounds bears, and one of these forces almost directly op- — 
poses the other. So far as the lifting of the wheel is concerned, 
it is seen that the centrifugal force acts nearly directly opposed to 
the weight of the wheel itself, and a little outside of the bearing 
point for the main part of the locomotive, as that rests on the 
springs just inside of the wheel. In this way the centrifugal — 
force has but little leverage in its favor to aid in lifting the wheel. — 

The logic of claiming that the effect of the rocking of the 
engine sideways has an important bearing on the lift of the © 
drivers i is not clear. The drivers revolve very rapidly, and the en- 
gine oscillates with comparative slowness, so that the two coincide’ 
only accidentally. It is true that the pulsating nature of the cen-— 
trifugal force, in a vertical direction, does set up a rolling motion 
in the engine, but the rolling motion and the pulsations of the — 
centrifugal force do not synchronize, and the rolling of the engine — 
takes place in its own eee time. It may happen that the | 
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two motions, .e., rolling and lifting, will coincide for an instant. 
At such times the pressure on the track is greater, or the lift is 
greater, according to whether the coincidence is at the upper or © a 
lower point of revolution. Again, when these motions act con- 
trariwise the effect may be reduced. In service the engine has Be 
many accidental motions, which are far more important than the ae, 
rolling, but it is impossible to take these into account in any cal-— 
culation so as to determine the lift. They must be allowed for 
by that uncertain but valuable aid to the engineer, the “ factor of ah 
safety.” 

There is no real difference between the action of the two sides 
of the Purdue engine in the matter of lift ; the differences that — 
have been found are principally due to the non-<duplication ofthe 
succeeding revolutions, and also to the rolling of the engine, which = 
makes accidental variations. Probably, if there were enough of Ges : 
the wires taken from the wheels, there would be found averages — . 


for both sides that would agree. ~ 


What Professor Goss has clearly shown is that the wheels do mc: 
lift, and the rear driver lifts more than the front in his engine, a Be 


and further, that succeeding revolutions do duplicate each other. ” 

This paper of Professor Goss’s is an example of the sort of really — : i a, 

and immediately useful information that we may expect to ~ 

from shop tests of locomotives. If the wire he has shown had > 

been obtained from a locomotive in service there would have been | 3 

claims that the wheels lifted for reasons other than true reason. _ “ie 

As it is, the uncertainties have been so far removed that the true a Ae ee 

reason stands out so that all can see it. “a : 
Mr. Henderson says that it is well known that the worn places : 

on tires appear at about one-eighth of a revolution from the crank. i 

Probably he means back of the right crank, as at that point there — — 

is the maximum lifting tendency when the right crank leads. 

We are supposed to be looking at the right side of the Snot fy 

It should be noticed that this would bring the most worn place — : 

45 degrees ahead of the left crank and 45 degrees behind > My 

right crank, and not on the same place on both left and right — Tee 

wheels. A large number of tire diagrams, when carefully ex- 

amined, have shown that the worn spots do not appear ast 

claimed, but, instead, are very irregular in location. Again, it — ce — 

appears that there is no slipping of drivers at speed ; I have tried a 

to measure it a good many times. In one case, on a run = 

17 miles, a round trip gave the same number of revolutions 
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going up a grade with a heavy load as returning without load. 
If there is any wear of great amount, due to slipping, it must 
take place when the engine is starting up and not when the engine 
is at speed. So far as I can determine, the tires of a locomotive 

wear more by the pulverization of the material than by slipping. 

If they do wear by pulverization, then we should look for the 

least wear when there is the greatest tendency to lift. This, it 

appears, is the case so far as there is any evidence of what the 

wear is at speed. An average of a large number of diagrams of 

tire wear, carefully taken by the Chicago, Burlington and North- 
ern Railroad, show that the point of maximum wear is so affected 

by the wear in starting up trains that its location is irregular, and 
cannot be connected with the effect of counterbalancing, so far as 
I can see. In considering the effect of the lift on tire wear by 

pulverization each wheel must be considered independently of the 
other wheel on the same axle. 

If my remarks in the paper, under conclusion (c), are to be 
taken as Mr. Morison says, then Mr. Morison is right and I am 
wrong ; but, on the other hand, if the language of that conclusion 
is to be followed, then I think that I am right. 

The language of that conclusion is: 

(ce) The only practical way in which the ‘excess balance’ 
can be reduced is by reducing the weight of the reciprocating 
parts.” 

I do not think that the words there given imply that there is 
no way of getting rid entirely of the “excess balance.” It would 
be an error if it did, for there have been several locomotives 
built with practically no “excess balance;” the Shaw locomo- 
tive, for instance. This shows that there is a possible plan. The 
difference between us is evidently as to the meaning of the word 
“practical” as here used. I am sure that no one who has the 
care of locomotives would want four cylinders in the place of two 
if it can be avoided. Four cylinders and no “excess balance,” 
on any practical plan of construction, mean a double crank-axle, 
two extra sets of guides, two extra cross-heads, main rods, and 
steam-valves, and at least one extra set of valve motion parts, or 
their equivalents. Now, all of this extra machinery would be 
used for the purpose of doing away completely with the “ excess 
balance,” which is not the end sought. What is wanted is to get 
rid of damage from the “ excess balance,” and this can be done 
by reducing the weight of the reciprocating parts, as is now 
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done in Europe, and has been done for torpedo-boats and other 
engines. 

In the face of the fact that a reduction of the reciprocating 
parts that will remove all damage to the track from the “ excess 
balance” can be easily and inexpensively made, I feel that [am = 
justified in claiming that such reduction is the simple and eco- 
nomical way of reaching the desired end, and therefore it is the 
only “ practical” way. I may have written too much from the 
standpoint of those who feel that simplicity is the prime essential _ 
of a design of locomotive, and to extent I-may be 


bles that arise on railroads when enters locomotive 
or car design. When there are but a few engines complication _ om 
can be cared for. But when strikes, wrecks, engineers who are 
not machinists, scant shop space and no surplus engines, and, most __ 
of all, when a goodly number of locomotives in total, perhaps 
a thousand, have to be cared for at outlying shops, the simple, 
plain, American locomotive becomes very attractive, and the 
word “ practical” has a pretty definite meaning, which cannot ve ; 
be expanded to cover four-cylinder locomotives with double 
crank axles for general work. What may be true of special cases 
hardly enters here. 
It is claimed that as the speeds increase we shall be as badly | 
2 off with our lighter reciprocating parts as we are now with the | 
heavy ones. This would be true if the speed increased enough, 
and the diameter of the drivers did not increase with the speed. 
Let us take an example, an 8-wheel engine, which is the type _ 
that has the most “ excess balance” per wheel. Such an engine, oo 5 
with a 20-inch cylinder, would now have about 720 pounds of 
reciprocating parts. It is found that one-third at least can go _ 


unbalanced on a heavy engine, at a speed of 70 miles an hour; _ 
that is, 240 pounds can be unbalanced when the drivers are 5b 
feet in diameter. If, now, the reciprocating parts are given the 
proper design, the total weight will not be more than 450 pounds Ee 
—call it 500 pounds. Now, 240 pounds can remain unbalanced, | 
and the balance, therefore, need be for only 500—240 pounds, or 
260 pounds, or 130 pounds for each driver of an 8-wheel engine. 
Suppose that it is desired to run at 100 miles an hour, and ~ 
surely that is high enough when we think of the average track, 
crossings, and curves now common. No one would put ‘Tess oe 2 
an 8-foot wheel under a locomotive for regular work of that sort. Ex 


7 


aoe 
2 é 
a 
“30 
Cie 
es 
+ 
i 
¥ 


LOCOMOTIVE DRIVE: WHEELS. 


The centrifugal force of this balance, when divided between the 
two drivers on one side, is 5,500 pounds, a far too small amount 
to make the condition dangerous. 

The bad condition of some engines at the present time is not 
necessary ; it exists where designers have been thoughtless, or 
where mistakes have been made in the shop. This is very well 
shown by the remarks of Mr. William Forsyth, of the Burlington 
road, in the discussion of this paper. 

Mr. Morison differs from the paper mainly in the standpoint 
from which the matter is looked at. Mr. Morison thinks that the 
“excess balance” should be removed, and offers a new and 
uncommon arrangement of driving-gear for that purpose. The 
paper holds that the “ excess balance” should be reduced as much 
as practicable, and shows how this can be done with present 
designs to an extent that will so nearly remove the detrimental 
effect on the track as to put the matter within the limits of rea- 
sonable things. 

Mr. Strong cites a particular type of compound, and shows 
truly how the effect on the track may be too much after the 
counterbalance has been reduced to the lowest possible point by 
reducing the weight of the reciprocating parts. Designs that 
give such conditions are not omitted from the consideration of the 
subject in the paper, but fall under conclusion (h), where it 
reads: 

“ But it is sufficient to know that for the good of the track, 
and to prevent broken rails, and for the safety of a train follow- 
ing a locomotive, it is not prudent to run a driving-wheel at a 
speed where the centrifugal force of the ‘ excess balance’ exceeds 
the pressure of the wheel upon the rail.” 

A paper of this kind cannot take into consideration all designs 
of locomotives, except in a general way. If any one is running 
locomotives with such an “excess balance” as Mr. Strong men- 
tions, it is being done thoughtlessly if the engines are required to 
make high speeds. There is in the paper no warrant for running 
any such “ excess balance.” 

Mr. Strong tells us that locomotive repairs are made necessary 
by the “ knocks that the engine gets on the track, and the unbal- 
anced parts;” but he does not show us how the use of four 
cylinders and a double crank will reduce the knocks from the 
track, or the cost of repairs. A close study of the distribution of 
the costs of repairs reveals the important and pertinent fact that 
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most of the cost is found in keeping up those parts that are not 
at all affected by the action of the unbalanced forces. Bad water 
and every-day wear and tear are the causes of a major part of 
the repair costs. 

Mr. Forsyth does not agree with conclusion (), which is as 
follows : 

“ The ‘excess balance’ now generally used for the reciprocating 
parts, and counteracting about two-thirds of the maximum inertia 
of those parts, is too great for speeds above sixty-five miles an 
hour, with drivers less than six feet in diameter, as the track is _ 
liable to be damaged by the excessive rail-pressure that it causes.” — iat 

Mr. Forsyth shows clearly that the engines on the Burlington — 
that are under his charge do not endanger the track at a speed of 
65 miles an hour. There are a good many engines on other 
roads that are equally safe, but also a good many that are 
not. Probably Mr. Forsyth is right in saying that the writer has _ 
set the size of driver too high, or the speed too low, for the limits _ 
of good practice, but it is certainly on the safe side; and there ~ 
are many locomotives now running that fall under the writer's _ 
criticism and are not safe to run at a speed of 65 miles an _ 
hour with a 6-foot wheel. Further than this, there is the every- 
day experience that locomotives run faster than 65 miles when 
they are intended to run at lower speeds; and still more impor- __ 
tant is the fact that a great many engines with wheels not more 
than 43 feet in diameter are run down grades at 65 and 70 | 
miles an hour. Some such locomotives have the same or heavier _ 
reciprocating parts than those with heavier wheels. Fe 

I think that -conclusion would nearer express the practical 
point that the writer wants to bring out if it should be madeto 
read as follows, and I have asked our secretary to change that — ae 


‘conclusion accordingly : ee: 
“(b) The ‘ excess balance ’ now often used for the reciprocating — ia 
parts is too great for speeds above sixty-five miles an hour, with | ae 
drivers less than six feet in diameter, as the track is liableto be 
damaged by the excessive rail-pressure that it causes.” Res 


To show the practical bearing of this conclusion, the following = 
table, from the Railroad Gazette of January 11, 1895, page 24, — ee Re 


is appended. This table was made up from a very interesting __ 
report on the subject of counterbalancing, made to the Southern — ere a 
and Southwestern Railway Club by Messrs. Sanderson, Pomeroy, =— 
Gentry, and Gibbs. 
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TABLE C. 


COMPARATIVE WEIGHTS OF RECIPROCATING PARTS OF MODERN LOCOMOTIVES.* 


Lbs. 
Lbs. 


Crass. 


in inches. 
ead. Lbs. 


rocating parts on 
one side, in Ibs. 


and head 
Boiler pressure, lbs. 
per square inch 


Diameter of cylinder 

Weight of one piston 

Total weight of recip- 

Total weight main rod, 
in lbs 


Weight of one piston- 
rod. 
bakes, of one cross- 


170 8. 


i.|129 Be. i. 
256 Dw i.d&e.i. 
188 B c. i. 


Ge ee 
P= 


8 


E 


29 


+ These three rods are all same length and for same powered engine. 


It will be seen from this that some of the common rules are 
such as to give more rail pressures than are safe, and if it were 
necessary to balance such weights as these, and to follow some of 
the rules in use in this country, there would be no escape from 
more than two cylinders, and the plans of Mr. Morison and Mr. 
Strong would find a more extended field of application. But it is 
not necessary to follow these rules, as we have seen from the 
papers before this meeting, and therefore it should be said that 
some of the rules in use are badly in error, although they appear 
in quite a number of handbooks on locomotive design. ; 
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E N. W. Ry..... 15 67 w. i. 55 8. 152 A 8. 
W.*0." 16 | 69 w. 853 |240 w. i.| 140} 18,800] 14,900 
W. | 88 w. 394 |272 w.i.| 140) 20,500| 16,700 
18 |192c.i. | 88s. 463 w.i.| 140} 24,300} 19,800 
O.Cole.......] 18 |189¢.s. | 9038. | 98 Bc.s. 
4 is R. P.’......| 19 988. [148 8 bar 432 |311 f..8.| 175) 22,800) 18,600 
= tady B.&A.| 19 |174 g. i. |1808. |202 4 bars. 506 f.s. | 180} 27,700) 22,500 
[160 Be. s. 430 |363 w. i.| 140) 23,600) 19,500 
E 19 1818. [155 Be. 441 |446 25,700] 21,400 
q 988. Be.s. 475 |350 w. i.| 140} 25,200} 20,500 
i “p......] 19 [202c.i. | 968. [150 Bc. 8. 
“G.".....| 20D i. [1048. [182 Cc.s. &i.| 536 [351 f.s8.t| 150) 27,500] 22,500 
20 |250c. i. [1048. D.c. 8. 569 |518w.i.t| 145) 32,000) 26,500 ‘= 
4 Beas en, Sty.Les or Cross-Heaps.—A, Webb style, two bar; B, four bar; C, two bar; D, Laird, E, e' 
Vauclain, four bar; E,” English engines. 
Notes.— Materials—Cast iron, c. i. ; cast steel, c. s.; wrought iron, w. i. ; fluted steel, f. s. ; stcel, 
aa 8.; gun iron, g. i. 
Ms *** The diameters of the wheels are not given, but there is no reason to suppose that the a 
a shy weights of the reciprocating parts given would not be found on locomotives with five-foot drivers, — i‘ 
ae and it is not uncommon to run an engine with five-foot drivers at sixty miles an hour. Believing 
i ee: i aa these conditions to be possible in most cases, 2nd to be actual in many cases, we have added the ~ % 
Se column A to Table C to show the centrifugal forces of the ‘excess counterbalances’ used for 
emo reciprocating parts, when all of the reciprocating weight, including one-half of the main rod, is os 
| counterbalanced and equally divided between two pairs of drivers, which is the plan outlined in “t 
a six of the various common rules given in the report. The next column, B, gives the centrifugal 4 
force when the 66 per cent. of the reciprocating weight, including one-half the main rod, is’ a 
balanced, as recommended by the committee in Conclusions 2 and 7. These rules were selected 
from the others because they give the maximum centrifugal force that is permitted by the 4 
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Mr. Forsyth thinks that, from conclusion (A), it is fair to assume 
that it is prudent to run a locomotive when the centrifugal force __ 
of the “excess balance” does not exceed the weight of the driver _ : 
upon the rail. The conclusion says that it is not prudent to run 
when the centrifugal force is in excess, and I do not know that 
I am as ready to say what zs prudent as I am to say what is not 
prudent. It is sometimes easier in engineering work to conclude 
what is not safe than to determine what ¢s safe, and I think this 
is a case of that kind. There can be no doubt but what Mr. 
Forsvth’s engines are safe to run at a speed of eighty miles an 
hour, and perhaps higher, but with our present knowledgeIdo 
not know where to draw the line of the limit of safety. 

I can agree with all of Mr. Forsyth’s conclusions excepting the | 
third. There are cases of damaged track where the reciprocating | 
parts could scarcely be made lighter under the fundamental condi- _ 
tions of the designs, and in such cases we should haye to add to _ 
those conclusions the words, “or the use of designs that cannot 
be balanced so as to be safely run at common maximum speeds.” 

The engineer in charge of the permanent way of a railroad is 
continually looking for the causes that give damaged track—not 
alone bent rails, but other damages as well; and when he seesa 
lot of bent rails that have been bent by a locomotive it is but — 

natural to look to the locomotive as being the cause of small as — 
well as large damages, and it is this that has led to the present 
discussion, and that | has brought out the attack on the present loco- — 
motive design that Mr. Forsyth speaks of. That such an attack — 
is justified, is shown by the fact that within a year locomotives | iY 
have been built that are not safe to run at seventy miles an hour Pt ss 
on the heaviest track. In any general criticism of this kind _ 
the good designs suffer with the bad, and it is only by defining 
the limits that we can learn where any particular design stands 
in the scale of safety. This is the prime object of the a 
papers on counterbalancing, and their purpose will have been 
fulfilled if, at the end of the present investigation, there is estab- = 
lished the safe — beyond which it is not safe to pass with the as 
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RUSTLESS COATINGS FOR IRON AND STEEL, GALVA- 
NIZING, ELECTRO-CHEMICAL TREATMENT, PAINT- 
= ING, AND OTHER PRESERVATIVE METHODS. 


; 441 (Member of the Society.) 


TE correspondence that has ensued since the presentation of 
the paper on “ Rustless Coatings for Iron and Steel,” at the 
Montreal meeting (June, 1894)+ has induced the author to sup- 
plement that paper with some additional matter upon the same 
subject that may prove of interest enough to reward perusal. 

That the subject is one that will not be tabooed or laid, like 
Banquo’s ghost, is quite apparent if one but gives even a cursory 
glance through the Patent Office Reports, and notes the many anti- 
corrosive and preservative compounds that are yearly issued for 
the alleged protection of iron structures, and whose practical 
merits, as a rule, are summed up in the final judgment of the user 
after he has paid the bill for the application of the compound, 
“that the metal did not appear to rust any faster after it had 
been applied than it did before.” 

Painting may well contest the claim with printing for the title 
“the art preservative,” if the report of the census year 1890 is to 
be relied upon, which gives in the statistics of manufactures in 
the United States: 

Number of establishments reporting 382 
Aggregate capital employed $34,009,208 
Live assets 19,110,021 
Average number employes 8,737 
Total wages paid $5,605 626 
Cost of material used 24,930,582 
Value of products 40,438,172 


* Presented at the New York meeting (December, 1894) of tle American Society 
of Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+ Transactions of the American Society of Mechanical Engineers, Vol. XV., 
1894, Paper No. 598, pp. 998-1073. 
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These amounts do not include any items embraced in the prep- : 
aration of the oils and solvents or vehicles, varnishes, or chem- . ‘438 
ical operations in the preparation of colors, the army of men em- | oe = 
ployed in applying or spreading the mixtures under the name of | 
painters, but relate solely to the production of paints as they are 
ground in the dry or in oil or other vehicle, and for all purposes; 
and do not include the imports of paints or pigments, dry or liquid, 
these articles being about one million of dollars value yearly, the 
exports of these articles being about equal to the imports. 

Assuming that sixty cents per gallon was a fair price for all 
these paints on an average, and that thirteen pounds was an . 
average weight per gallon, the above product was equal to about = 
67,400,000 gallons of mixed paints, that weighed 438,100 short __ 
tons ; and on the basis of five hundred square feet of surface COvV- — ‘ 
ered by one coat per gallon of paint, the surface covered equals — 
773,645 square acres or 1,209 square miles. 

What proportion of these amounts were really applied for the — 
preservation of metallic structures on shore and afloat, it is hard 
to conjecture; but a one-fourth part may be taken as the yearly _ rs 
allowance to cover the effects of corrosion in progress in some __ 
degree in about every metallic structure that meets the eye, and 
may be considered as the annual contribution to the coffers of 
oxygen. 

Experiments made by Mr. B. HL Thwaite, A.M. IL C. E., 
order to ascertain the life of wrought iron when exposed to os 
corroding effects of the atmosphere in a manufacturing town and 
in an unprotected position, demonstrate, with a tolerable degree 
of exactitude, that a bar of wrought iron, one inch by four inches, 
would be entirely corroded away in a little over a century. 

How rapidly corrosion progresses under ordinary conditions of 
exposure and in locations where it is least expected, is forcibly 
shown by Mr. C, Ward,* from whose paper I select some data of 
interest. 


““THE CORROSION OF BOILERS AND STEAMSHIPS. 


“ Experiments conducted by the Admiralty, Board of Trade, and 
Lloyd’s, prove that steel corrodes much more rapidly than iron 
when exposed to the action of salt water; also, that the com- 


* A paper read before the Goldsmiths’ Engineering Society and published in 
The Practical Engineer, London, Sept, 21, 1894, Vol, X., No, 395, pp, 224-226. 
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moner brands of iron corrode less than the better 
exposed to the same influence. 

“With steel unprotected and exposed to the action of the 
weather and sea-water, corrosion advances at the rate of one inch 
in depth in 82 years, while under the same conditions for 
iron the rate is one inch in 190 years. When exposed to the 
weather and fresh water, the corrosion is at the rate of one inch 
in 170 years for steel and 630 years for iron. When always im- 
mersed in sea-water, the periods are one inch in 130 years for 
steel and one inch in 810 years for iron; and when always im- 
mersed in fresh water, the periods become 600 years for steel and 
700 years for iron. 

“ These conclusions are the results of years of patient experi- 
ment and observation by Mr. Parker of the Board of Trade and 
Mr. Phillips of the Institute of Civil Engineers. 

“Tn 1879 Sir Nathan Barnaby stated that, when the mill scale 
was left on the surface of steel plates, its effect upon the neighbor- 
ing bared metal was as strong and continuous as copper would be ; 
and in 1887 Mr. Rialton Dixon gave before the Institute of Naval 
Architects his experience as to a vessel built entirely of steel some 
eight years before, and which was found to be greatly corroded in 
the bunkers and water-ballast chambers near the engine-room, the 
flanges of some of the angle irons having entirely disappeared and 
the tie plates being eaten away in holes. This action could be 
traced directly to the presence of the mill scale, and whether the 
surface was coated with paint or cement or not, the corrosion was 
always present upon those plates and angles that had mill scale © 
upon them. The presence of the paint and other coating retarded 
the corrosion only in a minor degree by preventing the moisture 
from reaching the surface of the metal. 

“In 1882 Mr. Farquharson, on behalf of the Admiralty, con- — 
ducted a number of experiments to test the action of mill scale 
upon plates. These experiments were very exhaustive, and the 
result was to establish beyond dispute that (1) no pitting occurred © 
in mild steel when freed from mill scale; (2) that the loss of 
weight from corrosion of clean mild steel and clean iron did not 
differ much ; and (3) that the action of mill scale (Fe*O*) is con- — 
siderable and continuous and equal toa similar quantity of copper in 
its corrosive action. Since these experiments, the Admiralty have 
never wavered in their practice of causing all their steel plates to 
be ‘ pickled’ to remove the mill scale, as is done for galvanizing. — 


i) 


r 
| 
— 
|} 
W 
> 
ror 
7 
* 
| 
7 
a 
i 
4 


RUSTLESS COATINGS FOR IRON AND STEEL. ia 853 
“ A fruitful cause of pitting and corrosion is found in the small 
particles of slag and carbon which get rolled into the surface of 
the plate during manufacture. These when brought into contact 
with salt water readily cause pitting by galvanic action. It is 
quite usual to see the sides of steel steamers of the merchant — ae 
marine thickly covered with small rust spots, or rust cones as they 
are technically called. If these cones are carefully removed and 
examined, a little pit will be seen containing a particle of black or 
magnetic oxide that under a layer of paint has been insidiously 
eating its way into the plate. Had the plate been ‘pickled? all 
the cinder, slag, and scale would have been dissolved out.” 

The author here refers to the anti-corrosive paints in use and 
their non-effective character to prevent corrosion, and goes on to 
the causes of boiler corrosion in detail, and cites the case of the ets 33 
external corrosion of boilers, viz. : a 

“Take the case of the bottom of a steamer’s boiler, usually 
placed in close proximity to the bilges. The bilge water will be _ 
rich in carbon, due to the amount of coal dust in it, and, the radi- 
ant heat from the bottom of the boiler evaporating this water,the | 
evolved moisture with the carbonic acid there formed simulta- 
neously attack the plates (if unprotected) and form a thin layer of — 
ferrous carbonate (Fe + O + CO, = FeCQ,). 

“The ferrous carbonate so formed is at once oxidized by more © 
oxygen and converted into ferric oxide. 2%FeCO;+O= Fe* 
O03 + 2CO*). If plenty of moisture be present, as is generally the © 
case, ferric hydrate is formed (Fe,O, + 3H,O = Fe,HO,). During © 
the reactions the CO, is liberated in the metal and reacts with — 
more oxygen from the air to carry on the process of destruction, — ae 
which is now further accelerated by the fact that the hydrated | 
oxide on the surface is electro-negative to the metal itself,and 
excited by the presence of moisture and carbonic acid, creates a 
galvanic current at the expense of the metal, and the rust being 
porous, the action continues until all the metal is destroyed. 

“ Corrosion, like all other forms of chemical action, is much ac- 
celerated by increase of temperature, and in the bottoms of ships 
and boilers the boiler-bearers and bunker plates are in close prox- 
imity to the boilers. This has a considerable effect in increasing — 
the rapidity of rusting; also, in the coal bunkers, the contactof __ 
moist coal with the plates sets up galvanic action, carbon beet 
electro-negative to the metal. Now, the rusts or oxides of any 
metal are clectro.negative to the metal itself; it therefore requires 
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only the presence of moisture and oxygen to produce electrical 
action and the corresponding destruction of the plate. 
“Variation in temperature affects more particularly the ques- 


tion of the serious and dangerous pitting observable on the sides | e 


of furnace plates. In cases where two portions of even the same 
plate of the iron or steel are subject to unequal temperatures when 
immersed in a liquid capable of chemically acting upon them, 
these two portions become virtually two different metals so far 
as molecular arrangement is concerned, and are capable of form- 
ing a voltaic couple. The more highly heated portion, being the 
most readily acted upon by the sea-water, becomes the positive 
or corroded element, while the less highly heated portion, being 
less liable to chemical action, is the negative element. Thus, 
when through any physical or structural causes one part of a 
metal plate forming the side of a furnace near the fire bars and 
parts of the combustion chamber is more highly heated than 
the other parts, the more highly heated part becomes positive 
to the less heated parts, and concentrates upon itself all the cor- 
roding or chemical action which would have diffused itself gen- 
erally had the temperatures been equal throughout.” 

The corrosion of boilers from the action of sea-water is very 
fully entered upon, and the use of some compounds to correct the 
salinity of sea-water given, viz., “zincara,”’ a compound of zinc 
and carbonate of soda. The use of anti-corrosive compounds is 
also recommended, but no particular one specified. 

“ Mr. D. Phillips, in a paper read before the Institute of Civil 
Engineers, in 1885, cited the result of an experiment, in which 
surfaces of bright pieces of plate iron, immersed in cold sea-water 
for over ten years, have been thoroughly protected from corro- 
sion by the aid of pieces of metallic zinc in metallic contact with 
the iron; while a similar piece of iron, similarly fitted and im- 
mersed, but having a piece of paper placed between the iron and 
zinc plate, received no protection whatever. The water was 
changed twice annually, and the oxide removed from the zine by 
filing. Under these circumstances the iron became gradually 
coated with a film of leaden-colored deposit when wet, but hard 
and white when dry. The effect in other respects was, that on 
every occasion that the oxide was removed from the zine and the 
deposit from the iron specimens, on being returned to the water, 
small globules formed on the zinc; and on reaching ;; inch in 
diameter released themselves and flew tothesurface. 


Avs 
D STEEL. 
— || RUSTLESS COATINGS FOR IRON AN 
He 
H 
@ 
| 
tee 
ag 4 
Mah 
4 
| 
4 
- 
>» 
an 
nS 
BY, 


the boilers of the steamship Hindostan as follows: ‘We found 
that the zinc-fitted were decidedly cleaner than the other boilers ; 
that is to say, the scale was white and pure, showed no signs of 
oxidation going on below it, whereas the scale of the boilers 
which had no zinc showed the usual discoloration of the surface 
next to the iron plate. 

“The proportions necessary to insure complete protection are 
one square foot of zinc to fifty square feet of heating surface in 
new boilers, which may be diminished after a time to one in seven- 
ty-five or even one in one hundred square feet. Merely placing 
the zinc in trays, hangers, or strips w7ll not insure metallic con- 
tact, and the action of zinc to prevent corrosion under such cir- 
cumstances will be weak and limited. The better and generally 
recognized method of fixing the zinc is to place a number of studs 


in the sides of the furnaces and combustion chambers, and to 


bolt on to their studs the zine plates, which should be about _ ; 


10” x6” x1”. It is important to see that the contact surfaces 


are clean and bright and the nut screwed close down to the zine 
to exclude the water and deposits from the contact surfaces, and 


thus comparatively insulating them and preventing the galvanic 
action. Otherwise the zinc is acted upon mostly as a solvent 
that renders the water innocuous or non-exciting.” 

The paper is full of interesting data, and worthy a place on 
the files of those interested in the question how to prevent cor- 
rosion in our iron structures. The data in the paper do much 
to clear up the rival claims of some prominent engineers as to 


the merit or priority of the invention, or at least the application © 
of zine in galvanic circuit for the protection of iron and steel sur- _ 
faces to which it may be connected and electrically excited by — 
the action of the confined or surrounding water. Whether this _ 
use was at first in a marine steam-boiler or in the open sea, as 
applied to the hull of the vessel, or in the bilge-water exposure, 


is of little moment. The steps between the groups are so short, 


that the idea or application made to one led necessarily to : 


the other in a very short time. 
If the claims of the American be true, that in the year 1845 
the use of zinc was tried by him for the protection of the hulls of 


vessels, one can but wonder what he found therein to protect, — ' ~ 
unless he applied it to the hackmatack or live-oak timbers for 


worms; and if incidentally any iron-work that at that date — 7 
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entered into the construction of the ship received protection by 
means of the application of the zinc, why in the name of the ever- 
progressive Yankee did he not pursue his advantages and prove 
himself the benefactor of the age? 

A correspondent, W. J. H. Adam,* in The Practical Engineer, 
September 28, 1894, Vol. X., No. 396, p. 248, referring to Mr. C. 
Ward’s paper, T’he Corrosion of Steamship Boilers, gives some in- 
teresting data about the use of zinc to prevent corrosion in all 
types of boilers, by means of an improved “electrogen,” now 
in use on the Allan, Cunard, Bedouin, Forwood, Red Star, 
McIver, and other important steamship lines, as well as in the 
French, Chinese, and Japanese navies. These electrogens are 
fitted to the shells of the boilers by screwed studs, and their 
action is so efficient that pitting is stopped within a month of 
their being applied, and boilers which were “ bleeding” and red 
with rust were brought around in two months’ time. Boilers 
with heavy scale, as well as badly corroded, are run for four times 
the usual periods for opening up and cleaning out, while pitting 
from the combination of copper fireboxes, brass tubes, and iron 
shells has been entirely arrested. A marine boiler using eighty 
pounds of steam, that had been fitted with electrogens for a num- 
ber of years, and was replaced by a new boiler to work at one hun- 
dred and fifty pounds, was found to be in so perfect a condition as 
to be acceptable by the inspectors for land duty at one hundred 
and twenty pounds pressure. 

Electrogens have displaced “zynkara” in a number of in- 
stances, as they prove to be more reliable and steady in action, 
and do not scar and injure the slide-valve faces and cylinders as 
chemical compounds containing quantities of soda are very apt 
to do. 

The corrosive effects of mill scale, so forcibly presented in Mr. 
Ward’s paper, but supplements the remarks made upon the same 
matter in the paper No. 598, June meeting, 1894, before referred 
to, and confirms the various naval authorities in the stand that 
they have taken upon the removal of the mill scale from all the 
plates used in the construction of vessels for the navy, the 
responsible marine contractors also giving the matter their 
indorsement by their practice in this respect. So far well, and 
the screws of experience that have been turned on continually for 


* The Glasgow Patents Co., Limited. 11 Bothwell Street, Glasgow. 
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the past fifty years or since the first iron sheeted and framed 
vessel was laid, have produced an effect; but it will be apparent 
to any observer at even the most casual visit to any ship-yard 
that the mill scale question to the ship-builder is a good deal 
like the temperance question to the politician who is in favor of 
the law of prohibition, but against its enforcement; else, why 
not extend the beneficial results to the structural or frame work 
of the ship, instead of confining their laudable efforts of improve- 
ment to the skin portion only ? 

That a clean, bright covering plate should be riveted to a frame- — 
work of angles, bars, forgings and other connected parts so — 
loaded with mill scale, far in excess of surface and in weight = 
over that of the plate itself, and then expect the salutary effect 
to extend to the whole structure, is beyond the comprehension of 
a landsman and needs the educational course atsome naval or other 
school to explain. But it is no less a fact, that in the majority — 
of ship-yards, whether engaged on government or commercial _ 
work, little or no attention is paid to this branch of constructive 
detail by the government or other inspectors, who are in general 
so heedless or regardless of small things other than as connected 
with their salary or perquisite account, that even the scale thrown — 
down by the processes of riveting and erecting is seldom removed 
from the various places of lodgement, unless it be near a hole __ 
where it can fall out of itself, but remains to do duty as a prince 
of corrosion so soon as closed in and the least moisture reaches it, 
that no subsequent coverings by any paint, cement, or anti-corro- oh 
sion compound can remedy. 

Galvanizing, as a protecting surface for large articles, such as 
enter into the construction of railway viaducts, bridges, roofs, oo 
and ship-work, has not reached the point of appreciation that __ 
possibly the near future may award to it. Certain fallacies __ 
existed for a long time as to the relative merits of the dry or __ 
molten and the wet or electrolytical methods of galvanizing. 

The latter was found to be too mee and slow, and the rownlte 


to the dry or molten bath process as in Scien at the present ; 
day; but the difficulty of management in connection with large “7 


baths of molten material, the deterioration of the bath, and — 


ny 
3 
q 
a 
. 


RUSTLESS COATINGS FOR IRON AND STEEL. 


mechanical causes limit the process to articles of shiihpinativelly 
small size and weight. 

The electro deposition of zinc has been subject to many patents, 
and the efforts to introduce it have been lamentable failures in 
both a mechanical and financial sense. Most authorities recom- 
mend a current density of 18 or 20 amperes per square foot of 
cathode surface, and aqueous solutions of zine sulphate, acetate or 
chloride, ammonia chloride or tartrate, as being the most suitable 
for deposition. 

Herman’s process has been experimented with on a commercial 
scale, the chief feature being the addition of the sulphates of the 
alkalies or alkali earth to a weak solution of zinc phosphate. 

Electrolytes made by adding caustic potash or soda to a suit- 
able zinc salt have been found to be unworkable in practice, on 
account of the formation of an insoluble zinc oxide on the surface 
of the anode, and the resultant increased electrical resistance ; the 
electrolytes are also constantly getting out of order, as more 
metal is taken out of the solution than could possibly be dis- 
solved from the anodes by the chemicals set free, on account of 
this insoluble scale or furring up of the anodes, which sometimes 
reaches 3 inch in thickness. Fig. 124 shows an anode thus 
coated. 

To all intents and purposes the deposits obtained from acid 
solutions under favorable circumstances are fairly adhesive when 
great care has been exercised to thoroughly scale and clean the 
surface to be coated, and which is found to be the principal diffi- 
culty in the application of any electro-chemical process for cop- 
per, lead, or tin, as wellas for zinc, and that renders even the appli- 
cation of paint or other brush compounds so futile unless honestly 
complied with. Unfortunately, these acid zine coatings are of a 
transitory nature, their durability being incomparable with hot 
galvanizing, as the deposit is porous and retains some of the acid 
salts which cause a wasting of the zinc and consequently the rust- 
ing of the iron or steel. Castings coated with acid zinc, rust 
comparatively quickly, even, when the porosity has been reduced 
by oxidation, aggravated no doubt by some of the corroding agents, 
sal-ammoniac, for instance, being forced into the pores of the 
metal. 

The relative porosity of zinc coating, applied by different 
methods, is shown by the following micrographs, Figs. 122 and 
128, taken from Zhe Engineer, September 28, 1894, and to which 
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I am indebted for some selections upon this subject, as well as 
for the tables, Figs. 125, 126, 127, given. 

Other matters of serious moment in the acid electro-zincing 
process, aside from the slowness of operation, were the uncertain 
nature, thickness, and extent of the coating on articles of irregular 
shape, and the formation of loose dark-colored patches on the 
works, the unhealthy non-metallic look, and want of brilliancy and 
lustre, prevented engineers and the trade from accepting the 
process or its results except for the commoner articles of use. 

The Cowper-Coles process of electro-zincing articles claims to 
overcome all these difficulties, and plants are in processof erection _ 


Fig. 122.—Zine Coating Applied by Fie. 123.—Deposit from Zine Sul- © 
Hot Galvanizing Process, Magnified phate Solution (Acid), Magnified Five 
Five Diameters. Diameters. 


with a bath of some 14,100 gallons capacity, capable of turning 
out forty tons of light work per week, and in which it is proposed 
to treat the plates of vessels sixty feet in length upon one or both 
sides, and the frames of such vessels as torpedo-boat destroyers 
and kindred craft after riveting up. These plates and frames are 
given a thin coating of zinc by this process that appears to be 
perfectly uniform in character and extent whatever the shape of © 
the piece may be, and however numerous the lugs, flanges, mor- 
tises, or core holes, and is called “ zinc-flashing” ; that is, coating 
the iron or steel article after pickling and cleaning with a thin ~ 
coat of zinc about one ounce per square foot of surface, which resists 
the inclemency of the weather and mechanical injury as well as a 
thicker coat, and is found to afford sufficient protection in most 
cases, and is adequate protection until such time as it is ready to 
receive the usual paint coatings. Sa 
To obviate any tendency of the paint to peel off from the zinc 
surfaces as it generally manifests a disposition to do, it is recom- — 
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= to coat all the zinc surfaces, previous to painting them, 
a with the following compound: One part chloride of copper; one 
part nitrate of copper ; one part sal-ammoniac, dissolved in sixty-one 
parts water, and then add one part commercial hydrochloric acid. 
ey the zinc is brushed over with this mixture, it oxidizes the 
* a surface, turns black, and dries in from twelve to twenty-four hours, 


Fie. 124. 


and may then be painted over without danger of peeling. Another 
and more quickly applied coating consists of bichloride of plati- 
num, one part dissolved in ten parts distilled water and applied 
either by a brush or sponge. It oxidizes at once, turns black, and 
resists the weak acids, rain, and the elements generally. 
_ Zine surfaces, after a brief exposure to the air, become coated 
ol with a thin film of oxide—insoluble in water—which adheres 
tenaciously, forming a protective coating to the underlying zine. 
So long as the zinc surface remains intact, the underlying metal 
protected from corrosive action, but a mechanical or other in- 
jury to the zine coating, that exposes the metal beneath in the 
oa presence of moisture, causes a very rapid corrosion to be inau- 
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gurated, the galvanic action being changed from the zinc positive 
to zinc negative, and the iron as the positive element in the circuit 
is corroded instead of the zine. 

When galvanized iron is immersed in a corrosive liquid, the zine 
is attacked in preference to the iron, provided both the exposed 
parts of the iron and the protected parts are immersed in the 
liquid. The zinc has not the same protective quality when the 
liquid is sprinkled over the surface and remains in isolated drops. 
Sea-air being charged with saline matters is very destructive to 
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galvanized surfaces, forming a soluble chloride by its action. As 
zinc is one of the metals most readily attacked by acids, ordinary 
galvanized iron is not suitable for positions where it is to be much 
exposed to an atmosphere charged with acids sent into the air by 
some manufactories, or to the sulphuric acid fumes found in the 
products of combustion of rolling mills, iron, glass, and gas works, 
etc.; and yet we see engineers of note, covering in important build- 
ings with corrugated and other sheets of iron and using galvanized 
iron tie rods, angles, and other construction shapes, in blind confi- 
dence of the protective power of the zinc coating; else in supreme 
indifference as to the future consequences and catastrophes that 
arise from their unexpected failure. | 
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The comparative inertia of lead to the chemical action of many 


. acids has led to the contention that it should form as good if not 


a better protection to iron than zine, but in practice it is found to 
be deficient as a protective coating against corrosion. A piece of 
 lead-coated iron or terne plate placed in water will show decided 


A - evidences of corrosion in twenty-four hours. This is to be at- 
tributed to the porous nature of the coating, whether it is applied 
by the hot or wet (acid) process. The lead does not bond to the 

_ plate as well as either of the other metals, zine, tin, copper, or any 


alloys of them. The usual weight of lead-coated terne plates is 
about # ounce to a square foot, while hot-process zinc coatings 


_ weigh from 1} ounces minimum to 3 ounces maximum, depending 


upon the temperature of the bath, and the slowness of removal 
therefrom giving time for the article to drain off. The following 


_ table gives the increase in weight of different articles due to hot 


galvanizing : 


is . Weight of zinc per | Percentage of in- 
Description of article. square foot. crease of weight. 


Thin sheet iron = .026 inch No. 22 B. W.G... 1.196 oz. 
6; inch plates... 


approximately 
§ inch dia. bolt and 1.206 oz. 


Tin is often added to the hot bath for the purpose of obtaining 
a smoother surface and larger spangles or facets, but it is found 
to shorten the life of the protective coating considerably. 

A portion of a zine coating applied by the hot process was found 


to. be very brittle, breaking when attempts were made to bend it; 


the average thickness of the coating was .015 of an inch. 
An analysis gave the following result: 


A small quantity of iron is dissolved from all the articles placed 
in the molten zinc bath ; and a dross is formed.amounting in many 
cases to twenty-five per cent. of the whole amount of zinc used. 
This zinc-iron alloy is very brittle and contains by analysis six pe 
cent. of iron, and i is s used to onat small art ornaments from. 
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A hot galvanizing plant having a bath capacity of ten feet by 
four feet by four feet six inches outside dimensions, and about one 
inch in thickness, will cost $625 and will hold twenty-eight long 
tons of zinc, which at four cents per pound will require $2,500 to 
fill it; the heating of this mass of metal and its ever-changing cold 
immersions, with the waste by dross and extra thickness in spots 
is a constant source of annoyance and expense. 

The cost of an electro-chemical or wet bath Cowper-Coles plant 
of 6,700 gallons bath, size thirty feet by six feet by seven feet, 
will be but slightly more than the hot bath given. There is no 
dross formed by the use of the Cowper-Coles process, and the zine 
coating formed is said to resist the corroding action of a saturated 
solution of copper sulphate—English Post Office test for telegraph 
wire, much better than hot galvanized iron wire, as per following 
table : 


RESULT OF PRocEss TEST MADE ON SAMPLES OF CHARCOAL [RON WIRE COATED 
WITH ZINC BY VARIOUS PROCESSES. 


Number of one- 
f minute dips : sam- 
f Process used to test the iron. Grains of zinc | Ounces ples stood without 

ott per square ft. square ft. showing metallic 

: copper. 

Hot galvanized............. 648.5 1.48 3 

Acid bath ZnSO,..... ........0. 446.4 1.02 4 

Cowper-Coles process...........++ .| 552.64 1.26 


A Cowper-Coles process bath of a capacity of about 4,000 gal- 
lons will treat ship plates 18 feet long, and will require an elec- 
trical energy of 2,000 amperes of 5-volt electro-motive force. 

With equal amounts of zinc per unit of area, the zinc coating 
put on by the cold process is more resistant to the corroding 
action of a saturated solution of copper sulphate than is the case 
with steel coated by the ordinary hot galvanizing process ; or, to 
put it in another form, articles coated by the cold process should 
have an equally long life under the same conditions of exposure 
that hot galvanized articles are exposed to, and with less zinc 
than would be necessary in the ordinary hot process. 

The hardness of a zinc surface is a matter of some importance, 
With this object in view, aluminium has been added from a 
separate crucible to the moltén zinc at the moment of dipping 
the article to be zinced, so as to form a compound surface of 
zinco-aluminium, and to reduce the ashes formed from the protect- 
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ive coverings of sal-ammoniac, fat, glycerine, etc. The addition 
of the aluminium also reduces the thickness of the coating 
applied. 

Cold and hot galvanized plates appear to stand abrasion 
equally well. The thickness of the coating being the same, tests — 
by means of the Schlerometer show: cold galvanized sheet, 6.; 


TABLE GIVING THICKNESS OF ZINC REQUIRED TO WITESTAND VARYING Num- 
BER OF IMMERSIONS IN A SOLUTION OF COPPER SULPHATE. a to 
-2.682;—8 ier 
Wider 


No. of 1-minute immersions in saturated solution of copper sulphate. 
Fie. 126. 
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hot galvanized sheet, 6.; terne plate, 2.; tin plate, 2. The fig- 
ures represent the load in grammes upon a diamond point, just 
sufficient to cause it to scratch the specimen. 

The attempts to electro-zinc iron and steel wire for wire 
standing rigging, bridge, or other cables have not been success- 
ful; it has not been found practical to produce a wire capable of 
withstanding more than one immersion in a copper sulphate 
solution. 

Both pickling and hot galvanizing reduce the strength, distort — 
and render brittle iron and steel wires of small sections. Zinc 
fuses at 775° F., and the bath is usually kept at about 1,000° F. 
Steel wire of high breaking strain has its hardness, and conse- __ 
quently its ultimate tensile strength and elongational efficiency, _ 
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reduced by drawing of the temper and the formation of an iron 
zinc alloy on the surface of the wire, by as much as from 5 to 10 
per cent. It is the practice when coating steel wire to keep the 
bath at as low heat as possible and to run the wire through it 
at a high rate of speed. Both these operations lead to a waste 
of zinc by reason of the rapid solidification of the metal on the 
comparatively cold wire, and consequently the ready breaking 
or cracking-off of the covering metal on bending or twisting it, 
owing to the difficulty with which molten zinc adheres to the 
steel except after long contact in the bath. In some cases the 
wire is wiped between asbestos rubbers as it leaves the bath, 
but wire thus treated is found to resist corrosion but a very 
short time. 

The English manufacturers have ceased galvanizing their 
high grade steel wire that costs some $175 per ton, on account 
of the great risk of rendering it worthless, which is clearly a 
disadvantage, although the advisability of protecting the steel 
is unquestionable, as corrosion is found to be very marked on 
the inner strands of ropes or cables formed from uncoated wires. 


The Cowper-Coles or cold galvanizing process is in operation 


at the works of Messrs. Laird Bros., Birkenhead, Eng., and used 
for the purpose of zincing the skin plates and frames of the tor- 
pedo boats and torpedo-boat destroyers built by them for the 
English navy. A plan and elevation of this plant is given in © 


The Engineer, Feb. 28, 1894. No detail of the cost of working i ; 


the process, as applied to armor skin plates, frames, or other 
heavy articles, is given. The cost must necessarily be less than 
electro-plating with copper as given by the Tacony people in 
the preceding paper (No. 598, Vol. XV., 1894), not only in regard 
to the difference in cost of two metals used, but also the electro- — 
motive force required, the cleaning of the plates from mill scale 
and the dirt of machining processes being an indispensable con- 
dition in this process as in all other preservative methods. — 
Figs. 125, 126, 127, are tables accompanying the article in The 
Engineer referred to, and present some of the data given 
therein in a form convenient for comparison. 

The industrial importance of the successful application of this 
cold galvanizing process can hardly be over-estimated, even if its 
application is only to the marine constructions of the future, 


and it is found to be in any degree inapplicable to those of the _ : 


past, and that constitute our present structures and vessels in 
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use. The permanency, continuity, strength, and density of the 
coating given by this process being found in all respects equal 
to that of hot galvanizing, the thickness of it can be made supe- 
rior to that given by the hot. Considering the success that has 
attended the use of zinc to prevent corrosion in marine boilers 
with concentrated hot saline fluids as the excitant medium, aided 
by the electrical conditions attendant upon the combustion of 
large quantities of fuel, and the changes in temperatures in va- 
rious parts of the same boiler or group of connected boilers, all 
of which conditions are conducive to galvanic action, it may not 
be considered a wild prophecy to expect that, with all of the 
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127.—D1aGRaM OF ELECTRO-CHEMICAL RELATIONS OF METALS 


fe IN VARIOUS SOLUTIONS. 


K.or Na. 


internal metallic parts of a steam vessel protected by zincing, 
and by virtue of the constructive features in close contact with — 
each other, and the bilge-water spaces filled with a corrosive — 
liquid ready to act upon any immersed metal electro-positive to 

the metal forming the ship, that an application of zine plates 
secured to the framework of the structure similar to the appli- 


cation of zinc to marine boilers, that these plates may receive — 
the energy of corrosion and, if not neutralizing it entirely, at — 


least pass it along in the form of a deposit upon the submerged 
portions of the vessel or to convenient pockets where it could be 
removed, the same as is now done to the washings and dirt from 
the fire-room bunkers and ballast chambers. 
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This internal electro-chemical process of protection does not 
appear so chimerical as at first one might suppose. Dr. Henry 
Wurtz * has proposed the protection of mining-plants subject to 
the intensified corrosion due to the decomposition of pyrites and 
other minerals in the mine waters, by connecting all of the metal 
portions of the mine as the negative elements with a dynamo of 
sufficient force to overcome the strength of galvanic energy due 
to the surfaces exposed excited by the corrosive liquids in 
the mine, the positive terminal to be connected to a mass of hard 
coke in the mine sump: conditions varying but slightly from those 
existing in the ship, and it is not improbable that experiment will 
determine that both these systems could be made to work 
together. 

Thermo-electric currents arise from changes of temperatures in 
all bodies, and set up voltaic action in all cavities, fissures, seams, 


and contact surfaces in the metal, which, though slight and not 


easily detected, will in time enlarge and waste them away sufli- 
ciently to sap the strength of the mass. — 

Metallic salts and acids i in, mine-waters intensify the corrosion 
of all metals exposed to their action either by direct contact or 
immersion or by condensation of the vapors in the mine. The 

_ metal work of railway tunnels is also disastrously affected by the 
- condensed vapors of sulphur, carbonic acid, and the ever-present 
moisture due to such locations, the corrosion of the metals de- 
creasing the resistance of the water to voltaic circuits : this corro- 
sion by liquids being voltaic phenomena in all cases, and in many 
cases is intensified by the moisture being in the form of drops 
instead of being uniformly spread over the whole surface. 

The cut (Fig. 128), reproduced from the Railroad Gazette, Novem- 
ber 23, 1894, page 801, represents a section of a seventy-six-pound 
tee-rail laid in the Musconetcong Tunnel, and removed after 
being laid five years, having lost more weight by corrosion than 
wear. The dotted lines show the original size of the rail, and the 
full lines its present worn and corroded size, being very marked. 
The rails were removed on account of the strength of the rail 
having been seriously affected by the corrosion. The tunnel is 
very damp, and a great deal of sand is used by the engines, 
which has kept the base of the rail covered, the vibration caused 


* Engineering Magazine, May, 1894, Vol. VII., No. 8, page 297, ” Preservation 
of Metals from Corrosion by Electric Polarization.” 
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on the passage of the train having a tendency to remove the thin 
scale of rust almost as rapidly as it could be formed under a 
favorable condition. There was but little apparent difference in 
the corrosion, whether between the cross-ties or where the rail 
rested upon them. 

In the St. Gothard Tunnel, 49,168 feet long, the air remains 
almost motionless for twelve hours per day, and though the accu- 
| mulation of carbonic acid 

rapid, and a part of it is 

absorbed by the great 
meal quantity of water present, 
air is almost unrespir- 

able and causes a great 
ma ter deal of distress to the work- 
‘men, and the corrosion of 
donty fetta all metal work inside the 
of tunnel is very rapid. 
the Arlberg Tunnel, 
--—- 38,587 feet long, the corro- 
sion of metals is very rapid. 
All the metal work was re- 
= newed after ten years. 
Fie. 128. In the new Simplon Tun- 
nel, 64,718 feet long, forced 
ventilation is proposed, requiring over 500 horse-power to main- 
tain it at the ventilator shaft, with the fans working at an effective 
duty of 65 per cent., 1,760 cubic feet of air per second being re- 
quired for ventilation. 

With these facts before us, it may be a pertinent question to 
ask, how long will the metal lining of some of our important sub- 
marine tunnels last? notably that of the unfinished Hudson River 
Tunnel, where the continuity of the brick lining is wholly depend- 
ent upon that of the outside metal work, and where the probable 
effect of the passage of a railway train will be to set up an undu- 
lating movement of the whole tube resting in its bed of soft salt 
mud. 

The change of cast iron, when sunk in the sea, to plumbago, 
has been ascertained to be at a rate approximating six inches in 
one hundred years, in the case of tough, close-grained, cannon 
metal. 

_ The lining plates of most tunnel work are less than three inches 
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in thickness. Conclusions as to the safety of these marine con- 
structions for passenger transportation can be easily drawn, and 
when the inevitable catastrophe comes it will be sheer luck if the 
Tay Bridge disaster is not repeated on a larger scale, with a kin- 
dred report from the coroner’s jury, ‘“‘ All went in, but none came 
out, and we have nothing to sit upon.” 

Acids and acid salts, which are capable of taking up iron oxides 
into solution, still further enhance the destruction by removing 
such oxides and exposing the surfaces of the metal to a fresh 
attack of the corrosive element ; but the saline matter in solution 
that exalts voltaic action need not be acid. Any neutral salt which 
decreases the resistance of the water will qualify it to act as the 
necessary liquid medium of a voltaic circuit. Sea-salt is the com- 
monest of all such neutral salts, together with the other chlorides 
and sulphates of sea-water. It enables corroding voltaic action to 
be set up on all ferric bodies immersed therein or in the air 
impregnated with their substance. 

The Journal of the Society of Chemical Industry (London), Febru- 
ary 28, details some experiments upon the galvanic action of sea- 
water upon iron and steel structures in various relations with each 
other, as constructive parts of trusses, boilers, etc., to prevent the 
corrosion of which the use of zinc and other easily oxidized metals 
and alloys are suggested, and to be so placed and connected to the 
structure that they will form the electro-positive element of the 
ever-present galvanic circuit, and by their decomposition protect 
the structure, or at least aid the paint-coating in its mission of pro- 
tection. 

These protective features, proposed for the internal parts of a 
ship, do not apply to the protection of the external surfaces, where 
an entirely new set of conditions are in force, owing to the numer- 
ous rivets employed to hold the plates together and to the frames, 
and which are necessarily unprotected from the many sources of 
corrosion herein mentioned, excep so far as the paint coatings 
may protect them. The means taken for the preservation of the 
external surfaces will be considered further on; meantime it may 
be well to consider as many of the difficulties that have to .be met 
as possible. 

Mr. Thomas Andrews, F. R. 8. §. L. and E., M. Inst. ©. E., late 
experiments reported to the British Institution of Civil Engineers, 
accompanied by an elaborate record of tests, in summarizing his 
work on The Effect of Stress on the Corrosion of Metals, states his 
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conclusions that wrought iron and various steels, when exposed 
singly and separately, without liability to galvanic action other 
than local, under the action of sea-water for long periods, showed 
a greater corrosion on the part of all the steels than the wrought 
iron, the advantage in favor of the iron compared with the steels 
amounting to twenty-five per cent, and upward. It was also no- 
ticed that corrosion was increased in the steels in proportion as 
the percentage of combined carbon was greater. 

Abstracts from this paper are published in the [ron Age, Octo- 
ber 25, 1894, Vol. LIV., No. 17, pp. 710, also in T'he Practical 
Engineer (London), October 12, 1894, Vol, X., No. 398, pp. 271. 
The paper in full is published in Proceedings of the Institution of 
Civil Engineers (English), Vol. CX VIII., 1893-4, Part IV., pp. 356- 
374, in which reference is made to a paper on the same subject in 
the Minutes of Proceedings Inst. C. E. (English), Vol. LXXXVILI., 
pp. 340; and Vol. XCIV., pp. 180, and Vol. CV., pp. 161. 

“Tt has also been found that the galvanic action between 
wrought iron and steels induced a largely increased corrosion in 
the several metals. It was also found that the upper and lower 
portions of a metal structure, or vessel, although composed — 
throughout of the same metal, were exposed to electrolytic disin- 
tegration from the galvanic action set up by solutions of different 
salinity on the metal, conditions found almost constant in tidal 
streams, brought about by the gradual rise and inflow of salt 
water and the outward flow of fresh water; and there are strong 
evidences to show that magnetic influence tends to increase the 
corrosion of steel. 

“The recorded experiments afford the additional information 
that the corrosion of metals is considerably affected by stress, 
varying according to the nature and extent of the applied strain. 
It might be supposed that metals under stress would be more 
liable to increased corrosion than when in their normal state ; the 


experiments, however, indicate the opposite conclusion—that is, 


when ‘strained’ is considered separately from ‘ unstrained’ metal. 
When, however, the strained metal is in galvanic circuit or combi- 
nation with the unstrained metal in any solution, an increased 
total corrosion ensues from the galvanic action, which research has 
shown to arise consequent on the different potential between the 
two. 

“ The reason why the mere fact of a metal having been strained 
reduces its corrosibility, compared with the same metal in its 
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normal unstrained condition, will be found in the results of the ex- 
perimental research, which demonstrated that stress, whether ten- 
sile, flexional, torsional, or of any other kind, considerably alters 
the physical properties of both iron and steel, by increasing their 
rigidity and rendering the metals harder, also greatly reducing 
their properties of elongation or ductility. It requires a higher 
tonnage to break a strained than an unstrained bar of the same 
metal. A tensile stress applied to a wrought iron shaft, that pro- 
duces an elongation of only two per cent., increases the tensile re- 
sistance of the metal 2.66 per cent. 

“From the observations, it was manifest that the stresses applied 
to metals examined for corrosion altered their structure, rendered 
them harder in nature, and less liable while in their strained condi- 
tion to be acted upon by sea-water, or other waters, than in their 
ordinary normal or softer condition. The experiments, however, 
indicate that an increased total corrosion, in excess of the normal 
corrosibility of the metal, occurs in a metallic bridge, vessel, 
boiler, or other structure, from the action of the local galvanic 
currents which are shown to be induced between ‘strained’ and 
‘unstrained’ portions of even the same piece of iron or steel 
forging, bar, or plate. Hence a strain occurring in a metallic 
structure tends, owing to the local galvanic action thus set up, to 
increase any corrosive forces which may be deteriorating the 
metal of which it is composed.” 

From The Practical Engineer, October 12, 1894, Vol. X., No. 398, 
page 271, “‘ Effect of Stress on Corrosion of Metals,” referring to 
Mr. Thomas Andrews’, F.R.S., experiments on this subject, and a 


paper presented by him in the Proceedings of the Institution of | Bs | 


Civil Engineers, 1892, Vol. CXITI., 1893-4, p. 363: 

“The details of the experiments are full of interest. Pieces 
of iron and mild steel of known character were submitted to 
tension, torsion, and flexure strains, to ascertain the changes 
made in the metal, and if corrosive effects were in any manner 
due to stress. For tension, a bar was strained in a testing 
machine until an elongation was produced of 23 per cent. in ~ 
three inches, and at the point of reduced area the har was cut 
in two, 

“The halves were then turned in the lathe down at the shackle 
or vise end, where they had been subjected to little or no stress, 
until they had an area equal to the end half at the point where 
contraction of area had occurred, both pieces being finished 
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exactly similar, and each piece represented a section of strained 
and unstrained metal. They were then placed at the same 
depth in a saturated solution of common salt to approximate 
the action of sea-water on metal, the immersed ends representing 
strained and unstrained metal. An electrical contact made 
between the two pieces of metal, through the medium of a 
delicate galvanometer (Thomson’s), the difference in potential 
or corrosibility could be observed. It was found that in each 
case a sensible current was set up between the two halves of 
the specimen ; the unstrained portion was in every case found to 
be the electro-positive element of the pair, corresponding to the 
zine in a galvanic couple, indicating clearly that the ‘ unstrained’ 
metal was acted upon more rapidly by the solution, and thus 
more easily corroded than the ‘ strained’ metal. 

“The test made with specimens after being submitted to tor- 
sional stress, representing a bar that had been twisted through 
an angle equal to half a revolution, and prepared similar to 
those in the tensile test, showed results identical with the tensile 
strains. In every instance the ‘unstrained’ metal was the electro- 
positive element, and was corroded more rapidly by the sea- 
water. 

“This conclusion was further supported by tests made with 
iron and steel plates, when a flat piece was compared with one 
bent into an U or semicircular trough ; the bent plate in each 
case proving to be the one least easily acted upon by the solu- 
tion.” 

The experiments throw an interesting light on a subject which 
has hardly received the attention it deserves, and helps to explain 
some of the peculiarities in connection with the wasting of certain 
structures that have been involved in considerable mystery. The 
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iron bars and hammered wrought-iron shafts; Bessemer steel and 
Siemens steel forged shafts; also, large bars of soft and hard 
Bessemer and Siemens steels ; soft and hard cast-steel, and steels 
made from each of the metals aluminium, nickel, silicon, and 
copper. Experiments were also made on rolled plates of wrought- 
iron, soft Bessemer, and soft and hard Siemens steel and soft cast- 
iron. The chemical compositions and general physical properties, 
etc., of all the metals are given and tabulated. All the metals 
experimented upon were perfectly bright. 

“General results: ‘ The average electro-motive force obtained 
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‘‘Wrought iron forged shafts...... 0.016 volts. * 
Soft cast steel......... 

Hard 


Nickel steel .... 

Rolled wrought iron bars 

Soft Siemens steel 

™ 

Copper steel 

Chromium steel 

Bessemer steel hammered forgings 


Siemens steel it 


“ With cold-drawn small steel rods in galvanic circuit with copper 
rods, similar results were noted, the electro-motive force between 
strained and unstrained aluminium steel being 0.022 volts, and 
strained and unstrained cast steel being 0.023 volts. 

“ Tn all these tests the unstrained metal was the electro-positive. 
In the torsional tests the electro-motive force was notably higher 
than in the tensile, also in the flexure, tests. 

“These electric measurements ought, perhaps, to be regarded 
as tentative indications, establishing a general principle, rather 
than as an absolute measurement for the purpose of accurate 
comparison of the behavior of the various metals. The chemi- 
cal analysis of all the metals was made prior to straining 
them. These experiments extended from a few seconds to over 
ten days, in which it was observed that the difference in the 
electro-motive force between strained and unstrained metal 
steadily declined from the initial amount, but was in no case 
extinguished.” 

Valuable contributions to a knowledge of the phenomena attend- 
ing the corrosion of metals have recently been made by anumber _ 
of eminent metallurgists and electro-chemists. Among the papers _ 
of interest I refer to*. 


* Transactions Irstitution of Marine Engineers (English), May 13, 1890. 
Minutes of Proceedings Civil Engineers (Engtish), Vol. LXXVII., p. 323, and Vol. 
LXXXII., p. 281. 


‘“‘Electro-Chemical Effects on Magnetising Iron.” Proceedings Royal Society, 
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The recorded experiments * as to the superior durability of cast- 
iron as compared with wrought-iron, when exposed constantly to 
the action of sea-water, appear to be somewhat conflicting. 


“Mr, G, Rennie’s experiments in 1886, on 1-inch cubes of 


oa __- wrought-iron, cast-iron, and bronze, with reference to their eligi- 
bility for light-house purposes. The cubes being previously 
weighed, were — into a saline solution considerably stronger 
than sea-water, viz. 


Muriate of soda............ 122 grains 
Muriate of lime............ Dissolved in 104 ouncesof 
Sulphate of soda,.......... Thames water. 


— 


“'The cubes were taken out of the water after being immersed 70 
~ hours in separate vessels. The cast-iron was found to have lost 

$ a part of its weight. The wrought-iron had lost 345 of its 
u kind being in the proportion of 2 of cast-iron to 1 of wrought, 
_ while the bronze had only lost ;545, of its weight, or a result in 
_ favor of the bronze over cast-iron as 3 to 1.” 

“The cast and wrought-iron cubes, being again accurately 
a = were again placed in a strong solution of 1 measure of 
: é murat acid to 25 measures of Thames water, when, after 

-- remaining 21 hours, the cast-iron cube had lost ;'5 of its weight, 
the wrought-iron only of its being in the propor- 
is tion of 8 to 1 in favor of wrought-iron.’ 

Ae “thik “Mr. R. Mallett, M.I.C.E., experimented on specimens of wrought 
ue and cast-iron sunk in the sea; showed that the amount of 
-- @orrosion decreased with the thickness of the metal, and that 
- from 5 to +45 inch in castings 1 inch thick, and about ;4, inch of 
-_- wrought-iron, will be destroyed in a century in clear salt water. 


ee This i is equal to 1.5 to 1 in favor of cast-iron. Mr. Mallett’s ex- 


LY he Vol. XIII., p. 429; Vol. XLIV., p. 152; Vol. XLIV., p. 176; and Vol. LIL, p. 


‘* On the Corrosion of Metals in Sea-water.” Minutes of Proceedings Institu- 
tion of Civil Engineers (English), Vol. XLXVIL., p. 323, and Vol. LXXII., p. 281. 
= “The Action of Tidal Streams on Metals.” Proceedings Federated Institu- 
1890. 

Report of the meeting of the British Association for the Advancement of 
Science, Edinburgh, 1892. 

“Whe Wasting and Protection of Iron in Sea-water.” 

From ‘“ Notes on Docks and Dock Construction,’”’ by C. Colson, M. Inst. C. E. 
* The Practical Engineer, London, October 19, 1893. Vol. X., No. 399, p. 307. 
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tiie made at Dublin, showed that cast-iron, freely exposed 
to the weather and all of its atmospheric precipitations, was cor- 
roded nearly as fast as if in clear sea-water, the specimens being 
unprotected in both cases.” 

On the whole, it may be considered conclusive that cast-iron is 
less liable to corrosion than wrought-iron when immersed in sea- 
water, or in locations where the air is charged with sea-vapors. 
This is probably due to the surface of the cast-iron being covered 
with a skin of silicate of protoxide of iron, produced by the molten 
metal fusing the sand in the mould, as well as to the film of 
magnetic oxide of iron formed at the same time by oxidation 
of the hot metal. : 

Iron exposed to tidal wash, and alternately wet and dry, is more 
liable to rapid waste, unless well protected, than when wholly im- 
mersed in water or wholly exposed in the air. 

Corrosion is accelerated by impurities in the water, and espe- 
cially by the presence of decomposing organic matters or free acids, 
and chlorines discharged from many manufacturing establish- 
ments, rolling mills, blast furnaces, paper mills, bleacheries, etc. 
It is also accelerated by contact with any other metal or substance 
that is electro-negative to the iron, or where two masses of the 
metal are in different conditions as to density or temperature. In 
general, hard, crystalline iron, whether cast or wrought, is less cor- 
rosive than ductile, soft, and fibrous qualities. 

Examination of the iron piles in the South Bassein bridge on 
the Bombay, Baroda and Central India Railway led to the con- 
clusion that the greatest corrosion in cast-iron piles exists close to 
the low-water mark, and does not extend to any considerable 
depth below it, a conclusion which also applies to bolts and braces. 
After an exposure of 25 years the piles were found in very good con- 
dition, and corrosion had only occurred in places easily accessible 
for renewals and repairs. A thin coating of mud, marine growth, 
and barnacles, by which the surfaces of immersed iron piles and 
pier work are protected from contact with fresh supplies of water, 
has a tendency to retard corrosion; but when these growths 
are removed, corrosion is increased at once 

Mr. Kinniple remarks “that after a life of from thirty to fifty 
years, structures depending upon cast-iron exposed to the rapidly 
oxidizing action of sea-water can only be looked upon as of a 
comparatively character, especially as regards very 
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An nteaiiane of the effect of stress in metal to induce corrosion 
is shown in the cut and record, T'ransactions A. 8. M. E., Vol. XV., 
1894, paper No. DXCVIIL., p. 1035, copied from Engineering, and 
reproduced here to illustrate this corrosive action. The cut rep- 
resents a piece of a bar of wrought-iron broken in testing, and 
then laid aside for a number of months, when the effects of the 
strain to which the piece had been subjected developed them- 
selves as shown. 

As has been pointed out, in all processes of corrosion carbonic 


Fie. 129. 


acid gas and moisture play an important part, the iron or steel 
uniting with the carbonic acid and oxygen of the water to form 
ferrous carbonate, while the hydrogen is set free; and that the 
ferrous carbonate then takes up oxygen from the water or atmos- 
phere, is decomposed into ferric oxide (rust, Fe,O;) and carbonic 
acid, which, being liberated in actual contact with the moist 
surface of the metal, carries on the process of “ rusting” which 
generally precedes fouling on exposed metal surfaces in-either air 
or fresh water. ; 

This view of the case has been confirmed by many chemists, 
and particularly by Prof. Crum. Brown, in a paper presented at 
the autumn, 1888, meeting of the Iron and Steel Institute at 
Edinburgh ; but the rusting of the metal in sea-water has by many 
chemists been ascribed to a more complex action, in which the salt 
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pre plays an important part by first forming oxychloride of 
iron. Later investigations do not, however, bear out this hypo- 
thesis. When iron filings or turnings are exposed to the action 
of sea-water, hydrogen gas is evolved and ferrous oxide and car- 
bonate are formed, and this changes, as in air or fresh water, into 
ferric oxide, by taking up oxygen present in the water. The fact 
that a few drops of alkali added to the solution stopped the cor- 
rosion, which would not have been the case had oxychloride of 
iron been present, determines that the simple rusting of ferric 
bodies in sea-water is due to the same cause as in fresh—i.c., the 
decomposition of the water by the iron in the presence of carbonic 
acid. 

The saline constituents of sea-water, however, do undoubtedly 
play an important part in a more active form of corrosion by help- 
ing to excite galvanic action between the iron in the plates and 
any foreign metal or impurities present, an action which is also 
materially aided by want of homogeneity in the metal, by par- 
ticles of rust, by mill scale, by wrought and cast iron or steel in 
contact with each other, or even by the different amount of work, 
such as hammering or bending, undergone by different parts of the 
same plate, and in all of these cases the galvanic action set up 
causes rapid oxidation of the iron at the expense of the oxygen of 
the water, hydrogen being evolved. 

It may be therefore considered that on the skin of a ship two 
processes of rusting are going on, the simple corrosion on exposed 
surfaces of the metal, due to the presence of moisture, carbonic 
acid, and free oxygen, which forms a fairly uniform coating of 
rust on the metal; and the more local corrosion due to galvanic 
action, which results in pitting and uneven eating away of the 
plates. 

Rust cones are due to the most local form of galvanic action, 
caused by the presence of a speck of deposited copper, lead, or 
other foreign metal, or even a small particle of rust or mill scale 
left on the surface of the iron and covered by the compositions 
used as profectives and anti-foulers. As soon as the sea-water 
penetrates to them, galvanic action is set up, water is decomposed, 
rust formed, and the escaping hydrogen pushes up the composi- 
tion, forming a blister ; the hydrogen leaks out, the water leaks in, 
the action becomes more and more rapid, and the blister gradually 
filling with the result of the action—rust. The blister bursts, but 
the cone of rust has by this time set fairly hard, and continues to 
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‘ grow from the base, the layers of rust being perfectly visible i in a 


well-formed cone ; and when the rust cone is detached, the pitting 
of the metal at the base of the cone is, as a rule, found to be of 
considerable depth. 

The speck of foreign matter which has caused this destructive 
action generally clings to the surface of the iron, and, being at the 
aa of the pitting, escapes detection and removal; and when 
the vessel, newly coated with fresh compositions, again goes to 


sea, the corrosion will again probably be set up in the same 


The corrosion of the plates in the interior of a vessel is a subject 
- quite equal in importance to the external action of sea-water and 
dissolved gases on the metal ; and from the fact that certain por- 
tions of the interior plates, from their position, escape the fre- 
quent examination and attention bestowed upon the exterior, it 
becomes a still greater source of danger. 
Corrosion, like all other forms of chemical action, is much 
accelerated by increase of temperature ; and on the bottom of a 
ship, near the furnace room and boilers, this has a considerable 
effect in increasing rapidity of rusting. Also in the coal bunkers, 
_ the mere contact of moist coal with iron plates sets. up galvanic 
- action, carbon being electro-negative to iron, and the coal dust 
which sifts down into the double bottom lends its aid to the 
destruction of the plates ; while if the coal contains any “ pyrites,” 
_ which is nearly always the case, then double sulphides of iron and 
copper are gradually oxidized into soluble sulphates of the metals, 
and these, washing down into the bilge-water, would at once cause 
most serious corrosion should they come in contact with any bare 
portion of the plates. Repairs to any portion of the inside plates 
- will loosen rust and mill scale, which, finding its way into the 
bottom, tends to set up galvanic action; while the scale of oxide 
of copper from copper and brass fittings and pipes is another 
s great cause of danger, as the bilge-water would gradually convert 
them into soluble salts which will deposit their copper upon iron 
_ wherever a crack or abrasion enables them to come into contact 
; with it. Leakages from stores and cargo are in many cases of a 
é character highly injurious to the iron. ~The bilge-water is also in 
- constant motion, and the air in the confined spaces of the hold is 
rich in carbonic acid gas, and of high temperature, all impor- 
ant factors conducive to rapid rusting, which will be localized by 
he abrasion of the paint or cement covering by the shifting and 
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silanes of the cargo, stowing of stores, coaling, and many other — 

causes incident to the working of the ship. 

Complicated as may be the question of internal corrosion and 
protection, that of the outside presents problems of greater _ 
apparent moment, as the corrosive effects appeal more forcibly to _ 
the observer, even if the actual damage to the life of the ship is — 
less than the unseen corrosion in progress an inch away, but on 
the other side. This outside protection has been attempted in 
two ways—by metallic and non-metallic coatings. So far all — 
attempts at metallic coatings have proved failures. Copper, tin, 
and lead have been tried, but these metals are electro-negative to 
the iron, and cause rapid corrosion wherever any abrasion of the - 
coating or damage to the insulating material is had from collisions © 
with floating wreckage, ice, docks, coaling barges, weighing — 
anchor, and other ordinary causes. 

Zinc is practically the only metal that can be used to place the | 
plates and metal work of the ship in an electro-negative condition, — - 
and in the use of this there must be galvanic action, which must — 
take place evenly all over the surface of the iron plates, which 
means that the zinc sheathing must be in uniform metallic con- 
tact with the iron, otherwise the wasting of the sheathing might 
be so rapid as to require frequent renewal. That, aside from 
the question of cost, would in many cases render its application ee an 
impossible. 


Prof. Vivian B. Lewes,* in his paper, “ The Corrosion and Foul- — 


ing of Iron and Steel Ships,” has exhaustively set forth the many x 
difficulties encountered and the many methods and materials em- | 
ployed in furtherance of this subject. The length of the — 


discussed renders abridgment equally undesirable. 

Lewes’ deductions are not in accord on many points with endl Eee 

writers or practice of the day in many marine yards, but in the = 

main are eminently practical and instructive, and I draw freely 3 

from the paper for some of the material presented here. ee 
As before stated, the use of copper, tin,and lead having been _ 


found detrimental to the iron plates of a ship by increasing the a 


corrosive effect on any immersed section of it, even in fresh water, 


* A paper read at the thirtieth session of the Institution of Naval we 
by Prof. Vivian B. Lewes, F.R.S., F.LC., Royal Naval College Associate, a 
12, 1889; and published in full, Scientific American Supplement, Vol. XXVIIL., 
No. 709, August 3, 1839; pp. 11,320-11,824. 
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zine remains as practically the only metal that can be employed, 
and it is to this metal that inventors have turned from time to _ 
time, the chief novelties being in the method of attach- 
ment. 

As far back as the year 1835, Mr. Peacock tried zine plates on 
the bottom of H. M.S. J/edea, and in 1867 Mr. T. B. Daft again © 
brought the subject forward; Sir Nathaniel Barnaby, Mr. Mc- 
Intyre, and others also suggesting various plans of attachment. 
In 1888 Mr. C. F. Henwood read a paper before the United Ser- 
vice Institute, strongly advocating zinc sheeting as attached by 
his system. 

When the galvanic contact has been but small, then the sheet- 
ing has had a certain life, but has afforded but little protection to 
the iron, and has gradually decayed away in a very uneven 
fashion ; while in those cases where galvanic contact has been 
successfully made, the ship has on several occasions returned from 
her voyage minus a considerable portion of her sheeting. 

Another drawback to the use of zine sheathing is one which was 
found when it was used to coat wooden ships, and that is that 
zinc, when in sheets, like every other metal, is by no means homo- 
geneous, and that for this reason the action of the sea-water upon > 
it, leaving out of consideration galvanic action, is very unevenly 
carried on, the sheeting showing a strong tendency to be eaten 
away in patches, while the metal itself undergoes some physical 
change and rapidly becomes brittle. 

Attempts have been made to galvanize the iron before the build- 
ing of the ship, but Mr. Mallett showed, as early as 1843, that 
this coating was useless when exposed to sea-water,as in fromtwo 
to three months the whole of the zine coating was converted into 
chloride and oxide ; and that when, therefore, galvanizing is used ; 
care must be taken to protect the thin coating of zinc. In any _ 
case the galvanizing must be done after the plates are riveted up, 
as any break in the surface would set up a rapid wasting away of 
the zinc; and the process could, therefore, be only used on small , 
craft. Fresh water has less action upon the zinc than sea-water, 
and for this service galvanizing could be attended with some 
measure of success, the rapid wasting of the zinc in sea-water be- 
ing due to the salts. 

“The non-metallic coating, in the form of paints and composi- 
tions which are intended to do away with corrosion, have been 
almost endless. At the present moment there are upward of fifty 
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in the market, while the patent list of the last fifty years contains 
enormous number which were practically still-born. 
“They may be divided for convenience into— 
a “(b) Pitch, asphalt, far, or waxes. 

“(c) Varnishes consisting of resins and gums dissolved in vol- 
atile solvents. 

4 “(d) Varnishes containing substances to give them body. 
ES “(e) Coatings of cement. ae 
a but 

¥ “ Before going into these in detail, it is necessary to consider 

the condition of the surfaces to which they will have to be 
applied, and the effect this will have upon them. 

“ Air has the power of holding water vapor in suspension, the 
amount so held being regulated by the temperature ; the higher 
the temperature the more can the air hold as vapor, while any 
. cooling of the air saturated at the particular temperatyre causes a 
deposition of the surplus moisture. When a ship in the dry dock 
is scraped down to the bare iron, there is a large surface of metal 
which varies in temperature much more rapidly than the sur- 
rounding air, and cools more rapidly than the stone walls of the 
dock ; and as it cools, so it chills the layer of air in immediate 
contact with it, and causes a deposition of the surplus moisture on 
its surface, called ‘sweating of the iron,’ and on this moist sur- 
face the protective coating has to be painted. If a rapidly drying 
varnish is put on, the rapid evaporation of the volatile solvent 
causes another fall of temperature, which causes a deposition of — 
moisture, this time on the surface of the paint, so that the coating ~ 
is sandwiched between two layers of moisture, both of them prob- 
ably acting deleteriously upon the resin or gum in the varnish, 
while the moisture on the iron prevents adherence of the varnish 
to the metal. If, instead of a quick-drying varnish, red-lead and 
linseed-oil paint had been used, the second deposit would not 
have taken place, but the sweating of the iron would have pre- 
vented cohesion, and, when dry, any rubbing of the coating would 
bring it off in strips.” 

The condition of the outer skin of a ship while being coated 
with the protective compound is one of the prime factors in the 
discrepancies found in the way in which compositions act ; it being © 
a very usual thing for a composition to give most satisfactory 
results on several occasions, and then, apparently under exactly —_— 
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similar circumstances, to utterly break down, and to refuse even to 
keep on. 

This feature will be again referred to later on, in the details of 
the test of paint by the United States Navy Department. 

Too much stress cannot be laid upon the condition of the plates 
at the time of coating ; and if is absolutely essential, either to have 
a perfectly dry ship, or else a composition which is not affected 
by water. The first condition could be met in part by housing the 
dry-dock, and the second by the discovery of some cement of a 


hydraulic character, that, unlike present known samples, would 


not be porous and rigid when applied, but would possess sufficient. 
elasticity to conform to the many changes in temperature that a 


ship must ever be subject to in seas and waters of varying densities, _ 


as well as from the air and the heat generated in the working of 
the ship. 

The difficulty of obtaining adequate experimental data, and the 
fact that nearly every one who has worked upon the subject has 
had a composition of his own to bring before the public, and the 
interchange of ideas between the various inventors and the authori- 
ties in the various commercial marine, and government navy 
yards, has been so hampered and restrained, that at the present: 
time but scant progress has been made on this most important 
question, beyond the point reached twenty years ago; and the 
object in bringing this paper at length before the A. 8S. M. E. is 
to invite discussion, and to bring some, if not all, the data down 
to date, or as near it as possible, rather than to bring forward any 
new or startling discoveries. The multiplication of iron and steel 
structures, other than the merchant and naval marine, is increasing 
so rapidly, and the methods taken for their preservation appear 
to be so hap-hazard, that, late in the day as it may appear to 
be, it is yet early enough to set ourselves right on this matter, as 
we have done in the mill-scale evil, and as we have yet to do in 
the anti-fouling methods, when the start originally made in an 
obviously wrong direction has to be corrected after the useless loss 
of millions of treasure. 

It is often noticed, on breaking up old iron ships, on the back of 
the plates, the numbers and sizes and other marks painted on them 
with white lead and linseed oil before the ship was built, and under 
these paint marks the iron is found in a perfect state of preserva- 
tion, the secret being that the paint was put on while the plates 
were, if not hot, at least warm and dry. 
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The same is also noticed where red lead and linseed oil, and 
lamp-black and linseed paints are used ; the instances of failure 
with all these paints being distinctly traceable to cases where the 
plate was wet or damp at the time of marking, or that the paint 
was impure in either the oil or pigment, or both. 

‘ Among the oldest protective compositions in use is boiled linseed 
oil mixed with white lead (a carbonate) and red lead (an oxide), 
both of which have shown remarkable instances of endurance and 
permanency and resistance to corrosion in atmospheres charged 
with corrosive gases, moisture, sea-air, etc. Of these two pig- 
ments, the white lead is the most subject to change, sulphurous 
acid, gases, and fumes changing the carbonate to a sulphate of 
lead, easily decomposed or broken down by moisture and washed 
out by rain. 

M. Jouvin, of the French navy, as well as some English and 
other French experimental authorities, claim that compounds of 
lead (of which there are many), when exposed to the wasting of 
the vehicle by the action of sea-water, are converted into chloride 
of lead, and this is acted upon by the iron, forming chloride of 
iron, and depositing lead, which carries on the rapid corrosion of 
the iron by galvanic action. I think this effect has been caused 
when white lead and red lead have been mixed together with some 
other inert substance to form the lead pigment employed; and as 
many of the usual pigment compositions only unite mechanically 
with the oil and do not chemically combine with it, the cause of 
failure to protect might have been foreseen from the start. White 
lead of itself does not chemically combine with linseed oil, either 
raw or boiled, and as a sequence is. more subject to change or 
decay than red lead; and any admixture of white lead with red 


lead as a protective covering to any iron body is an element of __ 


weakness to the pigment, and consequently to the paint, and not 
as good as barytes or silica, which in their natural state resist 
moisture, gases, and most of the weak acids, and do not change 
their nature in this respect by the process of grinding, either alone 
or with red lead for a pigment. 

Professor Lewes and many other experimental chemists and 
writers ignore the fact that pure red lead and linseed oil, either 
raw or boiled, chemically combine with each other and form, as but 
few other substances do, a compound that possesses the power of 
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cent.; also, the other remarkable property of “setting,” an action 
similar in many respects to the “ setting” of hydraulic cement and 
hydrated gypsum when mixed with water. This setting process, 
once commenced, cannot be broken up or disturbed without ruining 
the product. 

This “setting” of red lead is due to two chemical reactions ; 
namely, a combination between the litharge of the red lead and 
the glycerine of the oil, and also a combination between the 
litharge and the fat acids of the oil, resulting in the formation of a 
lead soap. It is well known that red lead and glycerine make 
a very hard and good cement, and it is also known that lead soap 
is quite a firm substance ; so that it is possible that both of these 
reactions may take place, and if so, they explain the setting of red 
lead. No other pigments, other than those prepared from the 
oxides of lead and manganese, possess this power of “ setting,” 
whatever other qualities they may possess for pigments. 

Another well-defined quality in red lead, and which places it at 
the head of the list of materials for anti-corrosive purposes, is, 
that when pure and applied with linseed oil and allowed to set and 
dry properly, or when applied dry to the clean surface of iron or 
steel and allowed to remain for a few months, it oxidizes the sur- 
face of the metal to a slight extent, forming thereon the black or 
magnetic oxide of iron (Fe,O,), which is non-corrosive and unlike 
its immediate neighbor, Fe,Os, the red oxide of iron, or red rust. 

A few other substances also possess this magnetic oxide or non- 
corrosive forming power ; namely, pyrolusite, or manganese dioxide 
ore, the bichromate of potash, chromate of lead, and some others, 
that are coming into use for anti-corrosive paint compounds, and 
whose future use for this purpose is assured. 

Professor Lewes cites the case of H. M.S. Nile, which, after 
being painted with red lead, was moored some months in Milford 
Haven, with the result that her bottom was seriously corroded, 
and, on examination of specimens of rust taken from her, the 
crystals of metallic lead were easily identified. This would be an 
important case if one but knew under what conditions the ship was 
painted ; whether over old compositions only partly removed, or 
whether the iron was clean and bright, and if the paint was applied 
on sunny, bright days or in damp and foggy weather with a sweat 
coat between the iron and the paint, and between the coats of 
paint, or the ship put into the water before the paint was dry; 
furthermore, was the red lead pure, or did it contain a liberal 
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amount of brick dust? and the linseed oil, how heavily was that 
charged with buffum? One swallow does not make a summer. 
To offset this example, I cite that the Department of Construction 
and Repair for the United States Navy have lately placed the 
splendid cruiser New York at the mercy of a red lead paint, by 
scraping her to the clean iron and applying that paint for the anti- 
_ corrosive compound, and this with the experience of the whole 
- world in view to select from, and, as will be seen later on in the 
report of paint tests for the United States Navy, they are well 
_ justified in their action. 

The second class of protectives, consisting of tar and tar prod- 
ucts, such as pitch, black varnish, asphalt, and mineral waxes, are 
among the best protectives; the waxes especially not being 
affected by the “sweating,” and form durable coatings for the 

plates. In the case of tar and tar products, and particularly those 
products from coal-tar, which are liable to contain small quantities 
of acids and ammonia salts, if care be taken to eliminate these, 
_ and if it could be managed to apply this class of protectives hot 
to warm plates, the question of protection would be practically 
_ solved; bituminous and asphaltic substances forming an enamel on 
the surface of the iron which is free from the objections raised 
against other protectives, that is, that being microscopically 
porous they are pervious to water. 
These tar and coal-tar products, by a new method of oxidizing 
_ them, are changed from a hard and vitreous coating to an elastic 
_ one resembling caoutchouc, that enables them to meet minor acci- 
dents of abrasion without destroying the adherence of the coating 
_. to the iron, and appear to be capable of receiving and holding 
about all the substances of nastiness in smell and taste that 
inventors have considered necessary to incorporate into their 
mixtures in order to render them anti-fouling. 

The third class of protectives consists of varnishes formed by 
dissolving gums or resins in volatile solvents, such as turpentine, 
naphtha, fusil oil, bisulphide of carbon, etc. Such varnishes are 
open to several objections; they are acted upon by moisture, 
which causes a deposition of the resins or gums as a non-coherent 
powder and destroys the tenacity of the varnish. This action 
depends a great deal upon the proportion of the solids to the 
solvent. If the resin or gum is comparatively small then the mois- 
ture will have little effect on the coating after it is dry, but in the 
drying process the evaporation of the comparatively large quantity 
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of volatile solvent reduces the temperature of not only the fiastal 


but the surrounding air, and a deposition of moisture is had on the 
green coating that produces disastrous results. 

A coating of varnish is thought to be perfectly homogeneous, 
but the microscope shows it to be full of minute capillary tubes, 
which are gradually enlarged by their shrinkage in drying and by 
the action of moisture, and finally result in the destruction of the 
coating. The application of several coats of varnish tends to 
diminish this evil, as, in general, the holes in the second coat will 
not correspond with those in the first, and each succeeding coat 
will tend to make the protective coat more and more impervious. 
In using such varnishes they should only be applied in favorable 
weather, and each coat must be allowed to harden well before the 
next one is applied, and all must be thoroughly hardened before 
being brought into contact with the water. 

In the fourth class, varnishes to which body is given by the 
addition of foreign constituents, generally minéral oxides ; and this 
class is preferable to the third class, if the solvent or vehicle used 
is not too rapid in its evaporation (which is seldom the case), and 
if care is taken to select substances which do not themselves act 
injuriously upon iron, or upon the gums and resins which bind them 
together, and are also free from any impurities which could do so. 

The substance generally used to give body and color to such 
varnishes is the red oxide of iron, Fe,O,; the color of which 
effectually masks any rusting which may be in progress under it, 
even if it is not contributing to the corrosion, or, in fact, the 
inaugural and prime factor in the case. Red oxide of iron 
contains free sulphuric acid and soluble sulphates as common 
impurities, which are extremely injurious, and greatly increase 
the rate of corrosion. Zhe finest colored oxides, as a rule, are the 
worst offenders in this respect, as they are made by igniting 
green vitriol, or copperas (sulphate of iron); and in most cases the 
whole of the sulphuric acid is not driven off, as the heat necessary 
to do this impairs the color. This acid is often neutralized by 
washing tlhe oxide with a dilute soda solution; but, as a rule, no 
steps are taken to wash it free from the resulting sulphate of soda 
which is left in the oxide. Another plan to remove the sulphuric 
acid from the oxide consists in mixing carbonate of lime (common 
chalk) with the oxide, forming sulphate of lime, an inert substance, 
and much used as a pigment in cheap paints. Fully hydrated 
— of lime (gypsum) is often added to the ground oxide of 
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iron colors to the amount of forty-five per cent., by weight, with the 
view of not only giving body to the paint and cheapening its 
cost, but in a measure to neutralize the corrosive action of the 
oxide by turning some of its corrosive energy from the metal to 
the pigments, oils, and solvents that bind them. An analysis of 
an oxide of iron of an exceptionably fine color showed over fifteen 
per cent. of sulphate of soda. As this sulphate-like tale (steatite 
or soapstone), feldspar (decomposed mica, granite, gneiss, and 
basalt), kaolin (pipe clay) are all broken down, or decomposed from 
their mineral condition by water, they never lose their tendency 
to descend still lower in the plane of oxidation in the presence of 
moisture ; and their use in a paint compound, whether for ferric 
or other structure, can in no manner add to their protection, or 
afford but little durability to the paint. 

Hematite ofe, calcined at a high temperature, is generally free 
from sulphur compounds, but it frequently contains as high as 
forty per cent. of alumina (clay) that is soluble in water, and objec- 
tionable for the same reasons as above. There are iron oxide 
paints advertised strongly for pigments as containing over seventy 
per cent. of metallic iron in the form of sesquioxide, F'e,O, ; but the 
principal paint chemists, that buy and use paints instead of selling 
them, unite in condemning any oxide color that contains over fifty 
per cent. of sesquioxide. 

A ready test for soluble sulphates in red oxide of iron is to 
warm a little with pure water, filter through blotting-paper, and 
add to the clear solution a few drops of hydrochloric acid, and a 
little of a solution of chloride of barium (both obtained at any 
drug-store). If. a white sediment forms in the solution, the 
sample should be rejected. Sulphur in any form, either in the 
roll, dry as a flour, or in a liquid form, as sulphurous or sulphuric 
acid, or in the vapors arising from its combustion, is an enemy of 
all ferric bodies, as well as to oil and solvent compounds called 
paints and varnishes. If the pigments are capable of resisting 
the presence of sulphur, the oils and solvents are not, and are 
quickly decomposed, and allow the moisture from the air or water 
to so reduce their bond to the material that they cover as to be 
easily removed, even if they do not fall off of their own accord. 
There are paint compounds on the market, specially designed and 
advertised as anti-corrosive, that contain, as the principal solvent 
of the pigment employed, bisulphide of carbon, CS, (made by pass- 
ing the vapor of burning sulphur over ignited charcoal or coke), 
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that contains by analysis from six to ten per cent,- by weight, 
of sulphur, and whose smell during the application of the paint 
is strong enough to almost drive the workmen out of a dry-dock; 
and yet such paints are bought at high prices per gallon, and used 
with a calm trust that corrosion is to be a thing of the past. In 
fact, there are but few of the compositions that struggle through 
the different patent offices of the world as anti-corrosive com- 
pounds that do not contain sulphur in some form or other as one 
of their ingredients, else some of the numerous substances whose 
union in the pigment form galvanic couples, that begin not only 
the work of destruction upon themselves but upon the liquid that 
bonds them ; also, of the metallic surface that they cover and are 
supposed to protect. 

The fifth class of protectives, cement coatings for the sauteciitte. 
of the external skin of vessels, in the form of vitreous glazes, glass, 
etc., have entirely been abandoned. Hydraulic cement, however, 
is used successfully to a great extent upon the inner portions of 
the hull, and will be considered further on. Its weight and diffi- 
culty of attachment, as well as the porous character of the 
covering, even when externally coated with a silicate or paint 
compound, render it unfit for outside ship work. 

The protective coverings for the outside or bottom of ships appear 
to rank, (0) pitch asphalt, tar, and waxes ; (d) varnishes containing 
substances to give them body, i. e., oxide of zine and oxide of lead 
either alone or in combination with each other; (a) pure red 
lead and linseed oil paint. The conditions under which any of 
these compounds can be applied with a fair measure of trust in 
their effectiveness are: that the compound should not be too 
thick to spread well, and should be well worked with the brush 
to the surface of the metal that it covers; that the air should be 
as dry as possible, and the plates of the ship not only free from 
mill scale, but clean and free from all oil and dirt due to machin- 
ing processes, handling, scaffolding, also from any indication of 
sweating ; and ifthe platescan be warmed either by the sun or by 
artificial heat, the better will be the result. Too much dryer in 
the form of volatile solvents must not be used. A paint that 
dries in four hours cannot, in the natural course of things, be 
as good as one that dries in as many days. Ifthe plates and 
frames have been galvanized by either the hot or cold process, 
then the principal pigment in the composition must be oxide of 
zinc, in order that any galvanic action due to immersion in the 


: 
~ 
a 
Weg ~ 
we 
i 
; 
i 
4 
\ 
- 
ay 
y 
a 


a RUSTLESS COATINGS FOR IRON AND STEEL. 

sea water may be at the expense of the renewable zinc in the 
pigment, instead of the zinc coating on the metal; and the pig- 
ments used with the zine oxide, to give body to the paint, must be 
ground barytes, or silica, both neutrals electrically, and neither 
are broken down by moisture as the other above-mentioned pig- 
ments are. 

The causes and extent of the internal corrosion of ships have 
been referred to hereinbefore, and the main classes of protec- 
tives are, (1) cements, (2) bituminous coatings, (3) paints. 

The rigidity, firmness of adherence, and endurance of cement 
coatings are all points of the greatest advantage; the silicates 
present in the cement not only bind ‘it into a mass of wonderful 
hardness, but also bind it to the iron. A drawback to the use of 
cement consists in its porosity, that allows it to be permeated 
by gases and liquids , and if by any accident copper scale or scrap 
from the interior fitting reaches the warm bilge water, charged 
as it ever is with more or less sulphurous and other acids from 
the coal bunkers and ash pits, and carbonic acid gas, the soluble 
salts of copper thus formed will soak through the cement, 
deposit the copper upon the iron skin or frame, setting up 
galvanic action, corroding the iron, the formation of the rust 
loosening and pushing up the cement, and allowing corrosion to 
extend its area and depth with but little or no sign of the damage 
taking place below it. 

The hardness and rigidity of the cement give it a tendency to 
flake off from the iron under strains due to the expansion and 
contraction of the metal, mechanical injuries from stowage of 
cargo and stores, repairs to the vessel, riveting, ete. These 
injuries, though local or of minor extent, become starting points 
for corrosion that generally becomes serious before discovery, 
owing to their location in the confined spaces of the ship where 
inspection is difficult. 

The quality of the cement used has much to do with its 
effectiveness as a coating. As a rule, but little attention is given 
to the quality of the cement used, or to the manner of preparing 
it for coating, or the length of time between its prepamation and 
application, all points of extreme importance to secure a good 
result, but all in general left to the care of the lowest grade of labor 
about the ship-yard; and the precautions that the builder of a 
common sewer would insist upon to get a good job are ignored, 
though the comparative interests involved are as tliousands to one. 
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For the above reasons it is considered that bituminous or 
asphaltic varnishes properly prepared by being freed from any 
acids that are present in their crude state, and if these can be 
applied hot to warm metal, are far superior to cement coatings 
for the internal work of a ship; also red-lead-pyrolusite and 
other tough paints free from oxides of iron form effective coat- 
ings, preference being given to the lighter colors, as corrosion, 
if set up, is quickly discovered and easily repaired. If the 
frames and interior fittings of the ship have been galvanized, 
then the precautions mentioned for like cases on the external 
portions must be observed. 

As Prof. Lewes fittingly states : “When approaching the sub- 
ject of fouling, one is impressed with the apparent hopelessness 
of obtaining any reliable information from the successes or fail- 
ures registered by the bottoms of vessels in the naval service or 
in the merchant marine. Hundreds of ships have been exam- 
ined, the condition and nature of the compositions used upon 
them registered, and just as one begins to feel that the key to 
the mystery of fouling is within one’s grasp, a whole series of 
results so abnormal suddenly comes to light that it seems 
impossible to reconcile them with one’s previous experience. A 
ship may sail half a dozen times to the same waters, coated 
with the same composition: on four occasions she will come 
home clean and in good condition, while on the other two 
voyages she will accumulate an amount of weed and animal life 
sufficient to knock down her speed from nine knots to five. 
Moreover, if the compositions with which she was coated be 
examined, and scrapings taken from her on her return, no cause 
will present itself that can in any way explain the great differ- 
ence in her condition. 

‘After several years of close observation, however, certain 
factors begin to establish themselves. Ships.at sea from March to 
August show a worse average than those afloat from August 
to March. Fouling also increases if the ship has been long at 
anchor in the same port. Ships lying at the mouths of rivers, 
although quite clean in the brackish water, foul much more rap- 
idly on going to sea than vessels which have been cruising, or 
even at anchor, for the same time in salt water ; and certain ports 
and certain seas seem to exercise a deleterious effect, both as 
regards corrosion and fouling, not to be found elsewhere. 

“The naval history of the past shows that fouling is no new 
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trouble born with the advent of iron vessels, but that it has 

been the one trouble that the combined engineering and scien- 

tific skill of many centuries has been unable to overcome. 
“With wooden ships, metallic copper, sheathing, if it were of 


the best kind, answered the purpose fairly well; but the copper _ 


wasted so fast that inferior brands, containing iron, zinc, lead, 
and other alloys, were substituted to reduce the loss, and, with 
the slowing down of the destruction of the copper, fouling at 
once returned.” 

When iron ships began to replace wooden ones, attempts were 
made to utilize the metal which had before given relief; but 


galvanic action was at once set up by the copper, which was fatal re 


to the iron plates of the ship. Attempts were then made to 


sheathe the ship with copper insulated from the iron plates by a 


wooden planking and other substances, which, notwithstanding 
the difficulty of application and risk to the vessel from accidental 
injury to the insulating material, has been attended with bene- 


ficial results, and in the future will be more extensively em- a 
ployed, especially for vessels navigating tropical waters, where _ 


the cost and inconvenience of docking is each year becoming 
more and. more expensive, as instanced lately in the United 


States naval vessel Bennington, that in two successive trips of __ 


688 miles, between Acapulco and Libertad, made with a com- 
paratively clean bottom and a foul one, showed the following 
record : 

First trip made in 86 hours, at an average speed of 7.85 knots, 
with 67 tons of coal consumed, at $21.70 per ton, or $1,453.90 fuel 
account for the trip; second trip, average speed 6.20 knots, with 


129 tons of coal consumed, costing $2,799.30. In the first case, 


one ton of coal was equivalent to a run of 10 miles, in the other 
case to 5 33 miles. Other records show similar results ; and it is 


not unusual for vessels to cruise from Montevideo Station to fe: 


Cape Town, Africa, for the purpose of being docked, being am 
absent from their stations for months, and entailing a great __ 


expense for coal, aside from the usual expenses attending their — c y 


commission. 


“Early in the history of iron ship building, coatings of paint 


were used, so prepared as to fulfil approximately the same func- 
tions that the copper plates had done. 


“The first patent for a paint of this character was issued in ae, 3 


1840 ; and at the present day there are some fifty different compo. aa i 
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sitions on the market, the best of which, under favorable con- 
ditions, cannot be relied upon to keep the ship fairly free from 
fouling beyond nine months ; and it is possible that the reason of 
this is, that a start was originally made in the wrong direction. 
‘The idea from which has been developed the present class of 
anti-fouling compositions was, that the copper salts, formed by | 
action of sea-water on the metallic sheathing, owed a considerable 
portion of their value as anti-foulers to the poisonous action they 
exerted upon marine animal and vegetable growths ; but the study 
of the natural history of these lower forms of animal life and 
vegetation shows that it is only in the early stages of their 
growth—the germ period—that metallic poisons can affect them. 
“Sea-weeds do not take in the constituents required for their 
growth by means of their roots, as is to a certain extent the case 
with ordinary plants, but absorb them by means of their pores | 
from the water itself, the root only serving to attach them to the 
solid they choose for their resting place ; and when a marine plant 
that has passed the first stages of existence is torn from its sup- 
port, it cannot re-attach itself to anything, while most of the 
mineral poisons have little or no effect upon their life and 
growth. 
“ With animal life found on a ship’s bottom, the under side is 
used to cling on with only, and not as an extractor of nourish- 
ment; therefore, after the seeds and germs have once attached — 
themselves to the ship, no amount of poison that can be put into 
a composition will have any effect upon them. Metallic poisons 
undoubtedly do exert an influence upon the germs in their earli- — 
est stages ; but after that they are perfectly useless as anti-foulers, — 
and only imperil the plates of the ship. The germs of both kinds 
of growth are more abundant in the surface water near the shore 
than in deep water; therefore, the period that the vessel isin port 
is the time when the germs are likely to attach themselves, after 
which their further development is merely a matter of time. ) 
“On examining the conditions under which a vessel is placed 
when coated with a composition which relies for its anti-fouling 
powers on metallic poisons only, the reasons which must make 


such a coating of little or no avail are at once apparent. In the © ee 


composition there are drastic mineral poisons, probably the salts 
of copper, mercury, arsenic, etc., which have been worked into a 
paint by admixture with varnishes of varying composition, most 
_ of them quick drying, and contain large amounts of benzine or bi- 
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protected the same as the pigments are from the action of the sea- 
water by being entirely coated by this vehicle. That this must be 
so is evident, or the composition would not have sufficient adhe- 
sive power to stick on the ship. As a rule, care is taken to select 
fairly good varnishes which will resist the action of sea-water for, 
perhaps, two or three months, before they get sufficiently disinte- 
grated to allow the water to dissolve any of the poison. Even 
with the use of inferior varnishes, three or four weeks will pass 
before any solution can take place, and any poison be liberated to 
attack the germs, 

“A ship is dry-docked, cleaned, and, her anti-fouling compo- 
sition having been put on, she goes, probably, into the basin to 
take in cargo. Here she is at rest; and, with no skin friction or 
other disturbing causes to prevent it, a slimy deposit of dirt 
from the water takes place, and this, as a rule, is rich in the ova 
and germs of all kinds of growth, while the poisons in her coat- 
ing are locked up in their restraining varnish, and are rendered 
inactive at the only period during which they could be of any 
use. After a more or less protracted period, the ship puts to 
sea, and, the perishing of the varnish being aided by the fric- 
tion of the water, the poisonous salts begin to dissolve or wash 
out of the composition ; but the germs have already got a foot- 
hold, and, with a vessel sweeping at the rate of say ten to 
twelve knots through the water, the amount of poison which 
can come in contact with their breathing and absorbing organs 
is evidently so infinitesimally minute, that it would be impossi- 
ble to imagine it having any effect whatever upon their growth. 
If the poison is soluble, it is at once washed away as it dis- 
solves ; if it is insoluble, then it is also washed away ; but there 
is just a chance that a grain or two may become entangled in 
the organs of some of the forms of life, and cause them discom- 
fort. As the surface varnish perishes, the impact of the water 
during the rapid passage of the vessel through the water 
quickly dissolves out or washes out the poisonous salts, and 
leaves a perished and porous, but still cohesive, coating of resin- 
ous matter, which forms an admirable lodgment for anything 
which can cling to it; and by the time the vessel lays to in for- 
eign waters, teeming with every kind of life, the poison, which 
would now again have been of some use, is probably all washed 
away, and a fresh crop of germs is acquired, to be developed 
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on the homeward voyage, and a ‘bad ship’ is reported by the - 
person who looks after her docking. It is evident that a poison, 
even if it had the power of killing animal and vegetable life in 
all stages, could only act with the vessel at rest, unless it were 
of so actively corrosive a nature as to burn off the roots and 
attachments of the life rooted to it; and if it did this, what, may 
it be asked, would become of the protective composition and the 
plates of the vessel? It is also evident that any poison so used 
must be under conditions in which it is very unlikely to be in a 
position to act when it might do good. . 

“The lamentable failure of composition after composition of 
this kind has gradually reduced them in number to some ten or 
twelve at the present time, and in most cases it is low price alone 
which keeps them in the market. 

“The practical proof, given by experience, that poisons alone 
are unable to secure a clean bottom, soon led many inquirers to 
the conviction that it was the exfoliation in the case of copper 
which had acted in giving fairly good results, and in many com- 
positions the attempt has been made to provide a coating which 
shall slowly wash off, and, by losing its original surface, shall at 
the same time clear away germs and partly developed growths, 
and so expose a continually renewed surface, in this way keeping 
the bottom of the vessel free from life. There is no doubt that, 
when this is successfully done, a most valuable composition will 
result, but the practical difficulties which beset this class of anti- 
foulers must not be overlooked. In order to secure success, the 
composition must waste at a fairly, uniform rate, when the ship 
is at rest, and also when she is rushing through the water ; and 
this is the more important in the case of service vessels, as in 
many cases they spend a large percentage of their existence at 
anchor or in the basins of our big dockyards. If a composition 
is made to waste so rapidly that it will keep a vessel clean for 
months in a basin, then you have a good composition for that 
purpose; but send the vessel to sea, and under conditions where 
you have a higher temperature, and the enormous friction caused 
by her passage through the water exerting its influence upon the 
composition, and you will find that the coating which did its 
work well for six months at rest in the basin will, in the course 
of one month under these altered conditions, be all washed away, 
and fouling will be set up. Noting this result, the manufacturer 
renders his composition more insoluble—less wasting—and so 
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obtains a coating which, when the vessel is in motion, scales just 
fast enough to prevent fouling, and good results at once follow ; 
the composition is then put on the same or other vessels, and 
they take a spell of rest in the basin, and, bereft of the aid of the 
higher temperatures and the friction of the water, the composition 
ceases to waste fast enough, and bad results at once have to be 
recorded. 

“ There is no doubt that this is the true explanation of the wide 
discrepancies which are found between the compositions in the 
navy and in the mercantile marine. Take any of the big lines, their 
steamers are running at a fairly uniform rate of speed, and the 
periods of inaction are as short as the desire not to waste the 
charge on the capital they represent can make them; and under 
these conditions, by varying the constituents in the varnishes 
used for anti-fouling purposes, it is fairly easy, giving the neces- 
sary data, to so constitute a composition as to secure admirable 
results. But when youcome to apply this same coating to an iron- 
clad running at various speeds, and as often at rest as in motion, 
then you at once find that the composition you before imagined to 
be all-that could be desired fails just as lamentably as the tribe of 
anti-foulers which preceded it. 

“It is not so very long ago that Professor Lewes had the honor 
to serve on an Admiralty committee under the able guidance of 
Admiral Colomb ; and after inspecting many vessels in the mer- 
cantile marine, and watching all the dockings of service vessels 
over a considerable space of time, they were forced to the con- 
viction that it was only in very rare cases that the condition of 
the bottoms of her Majesty’s ships at all approached the freedom 
from fouling to be found in the sbips belonging to the big com- 
panies, with the result that some of the most successful of the com- 
positions in the mercantile marine were brought into use in the 
navy, and the reports of the dockings since they have been adopted 
will amply prove the exisience of the difficulties mentioned. 

“ Another factor which is often overlooked, and which tends to 
give misleading results, is the action of brackish water, which in 
many cases seems to exert a special action in keeping the bottom 
of a vessel clean, the fresh water having a tendency to disagree 
with certain forms of marine growth, while the salt water is ap- 
parently equally unpalatable to the fresh-water forms of foul- 
ing.”’ 

In most of the compositions now in use, attempts are made to 
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combine strongly poisonous substances with exfoliating and wast- 
ing coatings, and this is done by either using metallic soaps—the 
basis of which is, as a rule, copper—or else by charging a perish- 
able and easily-washed-off varnish with poisonous salts, consisting, 
as usual, of compounds of either copper, mercury, or arsenic, and 
in some cases all three. 

“ As has been before pointed out, it is not probable that the 
presence of these substances exerts any deterrent action upon the 
fouling, save perhaps when the vessel is at rest; but they exert 
undoubtedly an important influence upon the rate of exfoliation, 
as when the perishing of the varnish exposes them they dissolve, or 
are washed out, and in this way tend to disintegrate and clear 
away the surface more rapidly—an important and decidedly use- 
ful function, but one which might be more cheaply performed by 
substances other than high-priced metallic poisons. 

“The use of metallic poisons of the character indicated throws 
an increased burden upon the protective composition ; as, should 
the latter become abraded by friction of chain cables, barges 
alongside, or any other cause, the iron of the vessel will be 
attacked by the metallic salts, either present in the soluble form 
in the anti-fouling composition, or rendered so by the solvent 
action of the saline constituents of the sea water, the action of the 
metallic salts being to rapidly dissolve portions of the iron, and to 
deposit the metal which they contain upon the surface of the 
plates, and these deposits, exciting energetic galvanic action, cause 
corrosion and pitting to go on with alarming rapidity. 

“Both mercury and copper salts are offenders in this way, but 
copper is by far the most objectionable, from the fact that the 
salts formed by the action of the sea water upon the compounds 
used in the compositions are far more soluble than the correspond- 
ing salts of mercury, and are therefore liable to be present in 
much larger quantity, and so exert comparatively a much more 
injurious action on the plates. 

“ As an illustration of this, two equal portions of sea water were 
saturated, the one with copper chloride, the other with mercuric 
chloride, and into each a piece of steel, planed upon one side, and 
of about equal weight and size, was placed and left for four days. 
At the end of this period the two plates were removed, and, after 
being cleaned and dried, were again weighed, when it was found 
that the one exposed to the copper-saturated sea water had lost 
22.2 per cent. in weight, while the plate exposed to the mercurial 
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solution had only lost 3.6 per cent., this being due to the much 
larger amount of the copper salt soluble in the sea water. 
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‘On now placing these plates in clean sea water, corrosion 
went on in each case with extreme rapidity, and after being 
exposed for a month, they had both wasted to about the same 
extent ; that is to say, when once deposited on the iron, mercury 
is practically as injurious as copper. 

“This experiment is not at all likely to be carried out in prac- 
tice, as the inutility of small laboratory experiments has been 
often demonstrated, as they lack all the factors of mass of 
material and atmospheric influence, which play so important a 
part in a question like the present; but such an experiment gives 
one a definite and fairly correct idea of the relative rate of action 
of the two poisons upon the plates. 

“ All the time the ship is in motion, the wash of the sea water 
will prevent the metallic poisons doing the plates or the marine 
growths much harm; but there is one phase of this question which 
has been overlooked. In certain ports there is a fashion in com- 
positions, and most of the homes of the mercantile marine 
have some pet local composition which is largely used at that par- 
ticular port. If, now, many ships are lying in a basin, taking in 
and discharging cargo, and if the prevalent compositions contain 
copper, it is evident that a certain quantity will go into solution in 


_ the water, which often does not undergo frequent or rapid change; 


and under these conditions every ship in the basin will be exposed 
to the same danger, and wherever an abrasion has taken place in 
the protectives, there copper will be deposited on the iron, causing 
corrosion and destruction of the plates; and it must be remem- 
bered that when the vessel is next docked and coated, no amount 
of scraping will remove the fine particles of copper deposited in 
the pitted and corroded portions of the plate, and so finely divided 
as to be invisible to the eye, but that they will remain and carry 
on the destructive work under the new coatings of the protective. 

“Tt is a well-recognized fact, that, when a vessel coated with a 
copper compound has become corroded from failure of her pro- 
tective, or from abrasion, even an entire change of composition 
does little or no good in stemming the tide of corrosion until after 
some considerable period has elapsed, a result which is due to the 
same cause; and inasmuch as copper compositions are a source of 
danger, not only to the ships coated with them, but to any others 
which may be at rest in the same basin, it may be —e urged 
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- compounds, and to use others equally efficacious and free from the 


grave objections that have been enumerated. 


_ “At the present time, fifteen out of thirty-two principal compo- 
sitions rely upon copper in some form or other as the basis of 
their anti-fouling composition, and in one which has enjoyed con- 
siderable favor finely divided metallic copper itself is used ; and 

should a vessel coated with it, after the varnishes had commenced 
to disintegrate, be moored alongside an iron ship by a chain cable, 


or even by a wet hawser, a big galvanic couple would be formed 


at the expense of serious damage to any exposed iron. 
“In the history of anti-fouling many attempts have been 


i yi made to obtain highly glazed and glass-like surfaces, which it 


was hoped would withstand the action of sea water, and afford 

no lodgement to marine growths; but even glass itself is slowly 
acted upon by sea water, and, when once roughened on the sur- 
face, will foul, while the rigidity of such coatings, and the 


straining and cracking consequent on unequal expansion and 


contraction of the plates and their coating, offers a serious 
_ obstacle to any such scheme. 
“In concluding this long paper, it may be pointed out that 


in the present phase of the anti-fouling question, and until some 


new principle for preventing marine growth has been advanced 
and successfully adopted, satisfactory results can only be in- 
sured by an intelligent use of the existing compositions. 

“The protective composition is the important composition, 

and care must be taken to obtain the best in the market, as, if 


the protection is good, the plates remain uninjured even if foul- 


ing takes place. The anti-fouling composition to be used with 
it must either be elastic or have the same rate of contraction 
_ and expansion as the protective, and must—at any rate in the 


> mi navy-—be chosen to suit the work to be done; such as contain 


_ copper compounds being carefully rejected, while preference 
should be given to those which rely on exfoliation rather than 
_ mineral poisons. ‘If a vessel is to remain at rest for a consider- 
_ able period, an anti-fouling composition which exfoliates rap- 


an idly, and which also contains poisons known to act on germ life, 


- must be used, the amount of such poison depending on the sea- 
sons and the waters in which the ship is to be; while if a vessel 
is to be continually running, then a slowly exfoliating composi- 


tion must be employed, and a very small percentage of poison 


Bas upon the manufacturers to abandon the use of these deleterious 4 
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is all that is required, as skin friction and the comparative ab-— 
sence of the germs and spores in deep water will do the rest. ==> 
“Our ships represent an enormous capital, and any trouble 
or care which will prolong their existence is well worth taking 
and will be amply repaid ; and at the present time a heavily cor- | 
roded and foul vessel means either ignorance or negligence on — 
the part of those who have the responsibility of deciding on the 
compositions to be used; and, finally, it must be clearly borne 
in mind that there is no anti-fouling composition which ever _ 
has been made, or probably ever will be made, that will answer _ 
for all cases, and that until this is clearly recognized the pres- 
ent unsatisfactory co condition of of the question will exist.” — > aha 


sine. 

Under the direction of the Secretary of the Navy, William E. 
Chandler, December 16, 1884, orders were issued to the Bureauof _ 
Construction and Repairs (T. D. Wilson, Chief of Bureau) to _ 
detail Naval Constructor William H. Varney, U.S. N.,to superin- 
tend a test of paints and anti- fouling and anti-corrosive composi- — 
tions for wetted surfaces, with a view of obtaining the most efi 
cient composition for the protection of the iron and steel vessels ay 
of the United States Navy. ie 

Samples of paints, etc., were invited from all manufacturers “~— 
such paints and compounds; the test was to be made at four or — 
more navy yards, under such conditions as to insure absolute 
impartiality, and to be conclusive as to the relative merits of the 
paints and compounds submitted for trial under the same condi-. 
tions as would occur in practice. 

Test plates of steel 2 feet 6 inches x 3 feet, weight 5 pounds to 
the square foot, were pickled and freed from scale, scoured clean, 
wiped dry, weighed, and then coated on each side with a sample 
of paint applied according to the instructions sent by the several 
manufacturers, particular care being taken to have these instruc- 
tions explicitly followed. 

The plates were to be separately weighed after the paint was 
dry and ready for immersion, and were to be exposed to the action 
of sea water for eight months, and to be inspected at the end of 
four months, and their condition accurately recorded at each 
period. Care was exercised that the plates, when in the cage and 
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iniiniinine that no galvanic action could be induced by contact 
with any object. 
At the end of the test period (eight months) the plates were to be 
removed from the immersion cage, dried in the open air, weighed, 
and the general appearance of the coating noted; then the paint 
was to be removed, the actual condition of the plate ascertained, 
and weighed again for the loss by corrosion during the test, etc. 
A further test was made by coating about seventy-five square 
feet of surface on a steel vessel with each of the several compounds, 
arranged so that practical uniformity might be had; the paint 
_ that was used to coat the several sections at the bow or stern of 
the vessel on one side was used amidships upon the other side. 
The vessel was docked, scraped clean from rust, and the metal 
made as nearly uniform in condition as possible before the paints 
ay were applied, and when thoroughly dry the vessel (the United 
_ States steamship Speedwell) was undocked and placed in service, 
s _ September 4, 1885, and redocked to examine the condition of her 
ae bottom, July 8, 1886, having been in the water ten months and 
“2 ; four days, and sailed by log on short trips about three hundred 
and thirty-eight miles in the coast waters of the United States. 

_ The report upon these paints bears date from the League Island 
a _ Navy Yard, Philadelphia, Penn., September 1, 1886, signed by 
Wn. H. ‘Faney, naval constructor, and addreased to the Chief of 
; Bureau of Construction and Repair, Navy Department, Washing- 
D. C. 

Sixty different firms in the United States, Canada, and England 

responded to the request, viz. pists” 

87 firms sending paint or compounds for 5 tests. ...185 applications. 


aye 60 firms all. Total tests, 287 Mung 
United States Navy experimental paints... ........ 11 


248 


_ As there were two separate surfaces coated with each of the 
above paints, the total number of applications was four hundred 
and ninety-six, distributed at four navy yards and on one govern- — 


4 
0 
~ 
mare 
f 
: 


The record of the test is, viz. : apiaod or 
ORDER OF MERIT IN U.S. Navy DEPT. TEST OF Firms’ 
Reference 1885, AT TUE DIFFERENT Navy Yarps, U.S.A. 
letter of 
4 Firms’ League Color of Paint. me 
Paints. Key West Norfolk Island Portsmouth; U.S. SS. AS 
Navy Yard. | Navy Yard. Navy Yard. Navy Yard. | Speedwell. ae 
Order of | Order of | Order of | Order of | Order of eo: 
Merit. Merit. | Merit. Merit. Merit. aa | ee 
U.S. 13 ooo ||White@) 
Blac k (1) 
1 10 1 7 Lead 
b 2 12 12 cit 
¢c 3 7 6 10 3 Pea green 
é 5 ce 13 13 Vermilion 
St 6 9 7 eh W hite 
k 11 enatceees 11 4 14 Red ' 
Z 12 4 8 Lead 
n 14 1 6 3 11 Bronze green Eye 
15 2 1 10 Dark green 
6 2 5 Stone 
x 11 2 Black or dark 
blue 


At Key West there were 52 firms’ paints ; number in the order of merit, 13. iA 


At Norfolk « and3U.8. Navy 
At League Island | “none 14. 


The order of merit had been increased to fifteen when necessary 
to render a comparison possible. 

Including the United States Navy experimental paints, there 
were twenty-nine separate records for places of merit in one or 
the other of the five different locations and tests. 


But 2 firms secured a place in the order of merit in all the tests. 


United States Navy experimental, 11 samples secured 3 


4 
RUSTLESS COATINGS FOR IRON AND STEEL. 
— 
— 
2 
+ 
a 
26 


RUSTLESS COATINGS FOR IRON AND STEEL. 


In the instances where the paint did not succeed in gaining a 
place in the several orders of merit, the condition is reported — 
upon, viz.: “Paint nearly all gone; plates rusty. No evidence of 
paint. Paint all gone; plates badly pitted and rusted. Paint 
peeled soon as removed from the water. Paint about half loose 
and half blistered ; plate rusty. Paint covered with rust spots ; 
plates badly rusted ; and in a few cases, paint in fair condition, 
plates rusted, etc.” 

So far as classifying these, it was a Hobson’s choice between 
them; all were bad, and the few paints reported as in a fair condition 
showed such signs of utter failure as anti-corrosive compounds 
that a few weeks more of exposure would probably have destroyed 
all evidence of their application except in fragmentary spots where 
the shells, barnacles, and other marine growths had protected the 
paint and the plate in some small measure. 

Examination of the record of merit columns shows a wide 


fluctuation in the value of the compounds at the different navy a 


yards under almost identical conditions of exposure. 

Paints first, second, or third, etc., in one navy yard, dropping 
to the foot of the record of merit at another yard, or failing to 
get a place at another, reappear again in the Speedwell column. 
Prof. Lewes also notes this peculiarity in the English compo- 
sitions. 

The names of the different firms furnishing the paints and the 
trade-marks names of the paints are withheld, being represented 
by single letters of the alphabet in the record of merit column, — 
and by double letters of the alphabet in the no-place column 
(not published). 

The official report of this test published by the U.S. Navy 
Department being practically exhausted, members of the A. S. 


M. E. and others desiring to examine the full report will find a a 


copy in the library of the A.S. M. E. with the engravings from 
the photographs taken of the appearance of the paints at the 
several navy yards at the expiration of the test, also engravings 
of the bottom of the U.S. S. Speedwell when redocked for 
examination. 

It was noted that the two sides of the Speedwell presented so 


uniform an appearance that only one side was photographed; a 


the position of the paint sample, whether amidships, bow, or _ 
stern, near the keel or water line, had no apparent effect upon _ 


the durability of the paint to resist either fouling or corrosion. ‘3 
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It may also be noted that some of the paints that failed to 
get any record of merit at this Government test, and whose place 
in the column of demerits was as near the tail end of it as pos- 
sible to get, are to-day in the full tide of prosperity under the 
improvements of a new trade-mark; whether any improvement 
in the composition of the said paints has been made, apparently 
matters little. The test was a severe one for this especial duty, 
but it demonstrates that any composition that could withstand 
it meritoriously is a good paint for use in the many other situ- 
ations where paints are required for preservative effects on 
either wood, mineral, or metallic surfaces in sea water or sea 
air. 

The paint that stood first in the order of merit on the 8. 8. 
Spezdwell under actual conditions of naval service, was a U. S. 
Navy experimental coating of two coats of white zinc. Paint at 
close of the test being in excellent condition, no evidence of 
corrosion on the metal. (Plate 48, No. 399.) 

The second in order of merit, same service, was one coat of 
red lead and one coat of zinc white. Paint at close of the test 
about one-half worn of; no corrosion. (Plate 48, No. 395.) In 
both of above cases but little fouling or barnacles. 

A paint composed of § red lead and 3 zine white, covered with 
a second coat composed of plumbago, tallow, beeswax, and lamp- 
black mixed with benzine; the last coat was nearly all-worn off, 
no corrosion. (Plate 48, No. 393.) 

Another sample of United States Navy experimental paint of 
two coats of red lead; paint reported in fair condition, no rust. 
(Plate 48, No. 397.) 

A sample of paint that had been on the bottom of another 
United States Navy vessel for over a year was found to be well 
worn, but remarkably clean, but little fouling. It was composed 
of red lead and zine white, mixed ; definite proportions not known, 
supposed to have been one-half of each. 

Contrary to all expectations, the paints that require to be heated 
to apply, and which it was supposed that asphaltum entered more 
or less into the composition of, failed to get a place in any 
column of merit, and were found quite low down in the other 
scale. See Plate 11, No. 295; Plate 19, No. 292; Plate 40, No. 
412; Plate 46, No. 291. Other samples could be cited; these 
are enough to show that it requires more than three to five per 
cent. of asphaltum as the base in a pigment, and some other 
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liquid vehicle, than that in general use to withstand a sea-water 
test. 


THE PITTING OF BOILERS.* 


_ “M. Olroy, a French engineer, gives the results of his recent 
investigations into the pitting of boilers. Pitting is particularly 
likely to occur if a water very free from lime is used in clean 
boilers. When a boiler forms one of a battery and is kept stand- 
ing idle for a long interval, the top of the boiler is liable to 
pitting. Steam finds its way into the boiler. and condensing 
upon the top surface causes bad pitting there. Pure water 
containing no air does no harm, and steam alone will cause no 
pitting unless it contains a supply of air. The Loch Katrine 
water of Glasgow, which causes pitting in clean boilers, contains 
much gas. The water from many of the lakes in America also 
produces the same effect ; with distilled water the boilers usually 
remain quite bright. Feed-water heaters often suffer badly 
from pitting, particularly near the cold-water inlet, and in boilers 
the parts most likely to be attacked are those where the circula- 
tion is bad, especially if such portions are also near the feed-inlet. 

“In locomotives the bottom of the barrel and the largest ring 
is most frequently attacked. The steam spaces are generally free 
from pitting, unless the boiler is frequently kept standing with 
water in it. As the water evaporates or leaks away, pitting is 
liable to occur along the region of the water line, a part which in 
a working boiler is generally free from attack, unless the longi- 
tudinal seam is near that point and forms a ledge where the 
moisture can rest. 

“Pittings take the form of cones or spherical depressions, 
which are filled with a yellowish-brown deposit, consisting mainly 
of iron oxide. The volume of powder is greater than that of the 
metal oxidized, so that a blister is formed above the pit, which 
has a skin thin as an eggshell. This skin usually contains both 
iron oxide and lime salts, and differs greatly in toughness. In 
many cases it is so friable that it breaks at the least shock, falling 
to powder, while in other cases the blister detaches itself from 
the plate as a whole. 

“An analysis of the powder in the pits shows it to consist of 
peroxide of iron, 86.26 per cent.; grease and other organic matter, 
6.29 per cent.; lime salts, 4.25 per cent.; water, silica, aluminium, 


* Engineering, October 19, 1894, Vol. LVII., No. 1508. 
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ete., 3.20 per cent. The skin over the pits was found to contain 
calcium carbonate, 38 per cent. ; calcium sulphate, 12.8 per cent. ; 
and iron oxide, Fe,O,, 32.2 per cent.; and about 8.5 per cent. 
each of magnesium, carbonate, and insoluble matter.” 

The Verein zur Beforderung des Gewerbjleisses, or Society for 
the Promotion of the Useful Arts, Berlin, Prussia, have offered a 
silver medal and prize of £150 for the best paper giving a chemical 
and physical analysis of the oxide of iron paints in general use 
for anti-corrosive purposes, viz.: (1) A description and classifica- 
tion of the paint, based on chemical analysis of the pigment and 
liquids of which the paint is composed. (2) A statement of the 
durability of the materials and mixture of the paint, citing cases 
for examination and future references. (3) Action of the air on 
such coatings; how affected by temperature, acids, alkalies, salts, 
vapors, oxidation, etc., separately and collectively. How the 
iron used for ship-building should be treated; also, for gas and 
water pipes, and the treatment of the different kinds of iron in 
the different applications of iron and steel to structural work. 
All papers to be presented before November 15, 1894. 

With the well-known proclivity of the German chemist to 
probe matters to the bottom, it may be that some of the glamour 
that surrounds the anti-corrosive and anti-fouling compounds of 
the day will be dissipated when the above society makes the 
award and gives to the public the benefit of their labor, which, 
it is hoped, will cover the ordinary compositions on the market 
and not those specially coached for the analysis. The mystery 
that “doth hedge about the king” is very thin compared to that 
that doth compass the paint-mill, when a mixture of iron oxide, 
whiting, gypsum, pipe clay, ochre, and other substances as 
sensitive to and as soluble in water as mill-pond mud, is to 
be ground with “buffum” oils, umber, and white copperas, as 
dryers to make an anti-corrosive paint. The before-mentioned 
United States Navy paint test bears strongly on these matters, 
and the coming report from the same department, promised by 
the chief naval constructor, Mr. Philip Hichborn, U. 8S. N., will 
do much to inform the engineering fraternity on these important 
points, aside from the data so freely given out by the glib tongues 
of sharp selling agents. 

The advent of 70- to 90-ton locomotives, in connection with 
heavier rolling stock and loads in the railway service of the 
country, is requiring the reconstruction of most of the iron 
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bridges and viaducts that within the past thirty years have 
replaced the olden-time wooden structures. It is possible that 
no material increase in the weight of a railway train per foot of 
track will be made to the present standard to require their sub- 
stitution by heavier constructions. This being the case, the 
preservation of them from corrosion, as well as the protection of 
the immense roof trusses that span the large railway stations, 
armory drill-rooms, warehouses, etc., becomes a question of 
extreme moment, as properly protected by paint compounds 
which thus far appear to be the only practical method, they 
should last for centuries instead of decades. 

But the methods of painting of the present day must be 
entirely changed to counteract the results that past practice has 
found to be inadequate to prevent corrosion for even a few years. 
(1) The mill seale and dirt due to machining processes must be © 
pickled off and the metal left clean and bright ere it receives its _ 
first coating; and if the metal can be warmed, even to temper- =. 
atures due to sunny days, the results will be better and noticeable _ 
over applications made on damp and cloudy days or even 
ordinary weather. -(2) The various members composing the _ 
truss or structure must receive at least two coats of pure 
red lead, pyrolusite, graphite, lampblack, or kindred non- 
corrosive, linseed-oil, or asphaltum paints, free from any 
percentage of mixture with iron oxide or so-called inert pig- 
ments, such as the sulphates and carbonates of lime, pipe 
clay, feldspar, etc., all substances decomposed by moisture, 
and that can in no manner enter, and never have entered, into — 
any combination with the oil and before-named pigments, but — 
only serve as stuffing to make the application of the paint a 
little easier for the painters. (3) All bolts that connect any | 
part of the structure should be painted with the selected 
paint, or with a pure red-lead paint, before being put into the 
holes, and the threads:coated before the nuts are run on and 
screwed to place. All such bolt heads and nuts must be painted oe 
before sweating or rusting takes place, and all hot rivets driven _ 
should be scaled and painted while warm, as corrosion once _ 
started in these weak points of the structure extends rapidly in ~ 
the form of pitting. (4) Benzine dryers and bisulphide-of-carbon 
solvents must be positively excluded from the paint compounds, © 
as well as from the washing down of any dirt due to assembling ~ 
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Frith of Forth Bridge, a structure that contains more iron 
and steel with a greater number of separate parts and a greater 
amount of exposed surface, and is subject to a greater complexity 
of strains, than any construction ever erected for human needs, or 
that will probably be erected within the next generation of man- 
kind—from its exposed position, subject to driving storms of rain 
and hail, sea-air, and spray—should have been treated from the 
first in a manner that would reasonably have led one to expect 
for it a life of centuries instead of decades, and these will only 
be had through tribulation and sorrow. 

It is noted, in the history of the construction of this bridge, 
that in many places where the gussets, skew-backs, and other 
members of the trusses joined each other, pockets were formed 
that presented places for the accumulation of moisture, and were 
so obstructive to the free circulation of air for the purpose of dry- 
ing them out that they were coated with asphaltum, and gutters 
laid to conduct the water away. These places are danger-points 
in the structure, and invariably embrace those points where the 
removal and renewal of the corroded parts will be found to be 
practically impossible, from the reasons and causes found in the 
renewal of the track-floor system in the St. Lawrence River 
Bridge. 

There were between 6,500,000 and 7,000,000 rivets driven in the 
Forth Bridge, weighing about 4,200 tons, and sized from one and 
one-quarter of an inch diameter to three-quarters of an inch, 
and from eleven and one-quarter inches long under the head, and 
closed in nine inches of metal, to one-half inch in the same. 
Thousands of these large rivets were driven in locations that 
required special riveting machines to close them, and since the 
assembling of the other parts of the truss in position, no renewal 
of a defective rivet or gusset plate is possible. Corrosion at these 
points, once begun, must proceed unchecked, and will be promptly 

covered up, but not arrested, by the knights of the paint-brush. 

No pickling process was used to remove the mill scale from 
the thousands of pieces of iron and steel that comprise the struct- 
ure, the plates being simply brushed with steel brushes to remove 
the loose scale; then machined, and one coat of hot linseed oil, 
without pigment, applied over all the oil and dirt due to the 
machining, flanging, sweating, and other processes. The material 
was then shipped, yarded, erected, and riveted up, in many cases 
after months of open exposure to the elements, and, soon as 
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possible thereafter, received two coats of good red-lead paint, 
over all the dirt and oils due to the erection processes, and which 
the underlying coat of linseed oil and its covered filth afforded an 
excellent bed or blanket to prevent any possible adhesion or bond 
of the red-lead paint to the metal, even if the “sweating” of the 
metal was not present at the time of painting to add its quota to 
the other drawbacks. Linseed oil, boiled or raw, applied without 
pigment, and dried under usual atmospheric conditions, absorbs 
water as freely as a sponge, softens up, and after a few hours can 
be as easily removed from the metal it covers as the skin of a 
water blister, its bond (and that is a feeble one, without a pigment 
of some sort to aid it) being wholly gone. 

Had the structure been a wooden one, the first coating with 
the hot linseed oil, even over the dirt of machining processes, 
would have been a fairly intelligent procedure. It would have 
dried in and not on, and would probably have given a fairly good 
result. Two coats of oxide of iron paint were then applied over 
the red-lead coatings, as an additional element to hasten the decay 
of the red-lead coatings, by bringing into action the elements of | 
free sulphuric acid and iron-rust to harden into a scale of less 
elasticity than the red-lead paint they cover. Moisture sets both 
of these elements at work, small blisters form, and the outer 
oxide-of-iron coatings crack and drag off the red-lead coatings, 
and the metal is exposed for corrosion almost as fully as if it had 
not been painted. A structure that cost over fifteen and a half 
million dollars, that has one hundred and forty-five acres of 
exposed metallic surface for protection from corrosion, and that _ 
requires from ninety to one hundred tons of paint to cover it with _ 
one coat, should have received a more intelligent and comprehen- a 
sive treatment for its preservation. s 

It has been decided by the Bridge officials to keep a corps of _ 
painters continually in service and to practically repaint it every 
three years in its early life, until time has developed the weak or 
danger points from corrosion, and what methods and compositions 


other than the above-named paints are needed for the preserva- a 


tion of this important structure. 

I believe—with the exception of the red-lead paint, and this was 
wrongly applied—that every step in the methods adopted for the 
preservation of this bridge was radically and entirely wrong, and, 
before fifty years have passed, that corrosion will be so strongly 
developed in all parts of the structure that a drastic plan of 


ort 

Ly 


i ae RUSTLESS COATINGS FOR IRON AND STEEL. 


have to be pursued, and when the metal is scoured to the bright, 
regardless of expense, a paint can be applied with some chance 
for its being effective against corrosion, but no oxide of iron will 
enter into its composition. 

In paper No. 598, read at the Montreal meeting, June, 1894, 
I pointed out the mistakes that had been made in the protective 
methods employed for the Niagara and Brooklyn suspension 
bridges ; and as opportunity occurs I find, on examination of 
some of the late immense roof constructions, the same disregard 
of the conditions that underlie the corrosion of iron, and which 
are so fairly defined at the present hour that it seems almost 
calamitous that such serious and costly mistakes could ever be 
duplicated. 

IN CONCLUSION, it may be cited that a number of torpedo boats 
of the French Navy, that have been constructed within the past 
ten years, and that have not made a thousand knots of sea ser- 
vice, have been found to be so corroded at the water line, though 
well painted from the first with anti-corrosive paints, the kind 
not stated, that they have been condemned for service; while 

_ other boats of the same class that have never been in commission, 
but have been laid up under cover, have, as the report says, 
“ eaten their own heads off by corrosion,” and are condemned for 
the same cause. In these cases the corrosion has been in prog- 
ress underneath the paint covering, and showed but little signs 
of its extent or progress, until the plates were so corroded in 
spots, many of them of large area, that the hammer used in 
testing the plates broke through the skin of the boats under the 
effect of blows that would not drive a ship spike into a pine 
block. 

At the recent annual convention of the American Institute of 
Architects, in a discussion on the use of iron and steel in the 
construction of modern high buildings, it was reported by one of 
the leading architects in the United States that the iron floor 
beams removed by him from the old 7imes building, though in 
use only thirty-five years, were rotten with rust. They were in- 
closed in eight inches of brickwork, and had been well painted 
with oxide-of-iron paints and protected by asphaltum coverings. 
The iron came off in strips, clearly showing that the rust had fol- 
lowed the lamination of the iron; the web of the girders being so 
rotten as to be easily broken by the fingers§ 


> 


: 
A 
» 
2 
burni ickli ll i — 
urning, scraping, and pickling all the paint compounds off will a 
= 
BR 
= 
Ky 
ey 
i 
NG 
<a 
=. 
4 


410 RUSTLESS COATINGS FOR IRON AND STEEL: 


The Victoria Bridge across the St. Lawrence River at Montreal 
has become so seriously corroded, though under constant care by 


Ke the engineers and a corps of painters, that the whole floor-beam 


structure required renewal, it being found impossible to repair 

_ the old beams, as the cutting out of one rivet was followed by the 
loosening of all those in its immediate vicinity, all being pitted 
around the heads and points, and in many cases the body of the 
rivet and the surrounding metal showed corrosion to a marked 
degree. The renewals comprised 656 new floor beams 15 feet 9 
inches long, weighing 2,100 pounds each, placed on 7-feet centres 
between the old ones that it was found impossible to remove. From 
the present outlook, this important structure will be either con- 
demned and taken down, or else will fail from corrosion and fall into 
the river within a century from its construction. The mill scale 
was left on the plates as they were originally put into the struc- 
ture ; no care was taken to paint the plates before rusting, and the 
successive coats of iron oxide paint have been applied over each 
other without scraping the old coatings off, until a flake of paint 
coating shows the successive coats, alternated with rust, as plainly 
indicated as the leaves in a book. 


fol 


ANGUS SMITH’S ANTI-CORROSIVE WATER-PIPE COMPOUND. dod 


The practical effects of the application of any anti-corrosive or 
protective compound to water-pipes or other ferric bodies buried 
in the earth are necessarily slow to determine, but occasionally a 
result is reached that is worthy of record. 

At alate meeting of the New England Water Works Associa- 
tion, Mr. Peter Milne, engineer in charge of the extension and 
distribution of the Brooklyn, N. Y., water supply, reports: That-a 
thirty-six-inch water main, laid thirty-five years ago, was un- 
covered for some distance for the purpose of making a connection, 
and was found to be in almost perfect condition externally, and 
but few tubercular or other deposits being on the inside of the 
pipe, where generally the most trouble is produced by corrosion, 
or the formation of rust cones. 

The pipe was of fine, close-grained iron, cast in Scotland, and 
had been treated with Dr. Angus Smith’s water-pipe process and 
compound, which consists in heating the pipes or other bodies 
in a bath or furnace to 500° Fahr., and then immersing them in a 
mixture of coal-tar, pitch, linseed oil, and resin, heated to 300° 
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_ Fahr. In this mixture the castings remain until they have cooled 
down to a temperature of 300° Fahr. The preliminary heating of 
the castings, or other objects, to 500° Fahr., or approximating 
degree, is the prime factor for success. 

It goes without saying that a composition of this character, 
that has borne this test, must obviously be a good one to apply 
to ferric bodies above ground, for the purpose of preventing corro- 
sion ; and if objection is made to its sombre appearance or want 

of color, it may be noted that this composition will take over it, 
and bond to it, any lighter or tinting color desired, when the base 
of that tinting color is red lead, mixed with either raw or boiled 
linseed oil, preferably the latter. 

Efforts to ascertain the formule used by Dr. Smith in the 
preparation of his water-pipe compound have resulted in so great 
a variety of recipes that but little dependence can be placed 
upon any one of them being the one sought for, the temperature 
of the preliminary heating of the pipes before immersion in the 
bath varying from 700° Fahr. down to 200° Fahr., and the varia- 
tion in the proportion of the ingredients of the composition was 
equally startling. 

Mr. Charles Hermany, engineer of the Louisville, Ky., water 
works, writes, in answer to queries upon the corrosion of water- 


_ pipes, and Dr. Smith’s compound : 


“ As regards injury or destruction of water-pipe by rust, I have 
had no startling experience or observation, inasmuch as it has been 
upon rare occasions that I have found pipes destroyed or rendered 
useless by rust. As to Dr. Angus Smith’s coal-pitch varnish for 
protecting cast-iron pipe against rust, and the best formuls# for 
its application, I regret to say that I cannot tell you where to 
find it. 

“Some years ago, for a number of seasons in succession, I strove 
diligently to coat water-pipe according to his formula, as given in 
James P. Kirkwood’s book on the Brooklyn Water Works, pub- 
lished somewhere about 1866, and to my utter surprise and disgust 
found that I was unable to coat the pipes any better than is done 
in the ordinary way by the pipe foundries, which ordinary way is 
not much better than a blackening process by the use of ordinary 
coal-gas tar. In expressing so disparaging an opinion about this 
method of coating pipe, I am nevertheless constrained to say 
that pipe taken out, which had been treated in this ordinary pipe- 
foundry fashion, I have found some of them to be so perfectly 
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protected that in the course of from eight to sixteen years rust 
had not attacked the iron at all, the coating being as perfect and 
efficient as when first applied. Such a result, however, is an ex. 
ception and not a rule, for in the majority of cases where I have 
had opportunities for examining the pipe, the coating on the 
inside of the pipes was all gone, and so far as any opinion could © 
be formed from an inspection thereof, it had been of little or no 
use in prolonging the life of the pipe. 

“The great difficulty I experienced in trying to apply the coal- 
pitch varnish as specified by Dr. Smith, I found in heating the 
bath and the pipe up to the required temperature (300° Fahr.). 
At this temperature the coal-pitch varnish, under atmospheric 
pressure, becomes simply unmanageable, by approximating closely 
the condition of volatilization, and going everywhere except where 
you want it, and the immersion of a hot pipe of somewhat near this 
temperature into the bath of coal-pitch varnish resulted invariably 
in a thick, apparently unbroken, and exceeding brittle coating, so 
brittle that it would crack in the ordinary handling of the pipe; 
and therefore, on account of the failure of the application of the 
Smith formula, I have since allowed the pipe foundries to do the 
coating in the ordinary and somewhat careless way, simply 
because I know of no better. I do not know what the tension 
of vapor or steam from coal pitch at a temperature of 300° 
Fahr. would amount to, but it would hardly be less than that of 
water, which gives a pressure of 53 pounds to the square inch, so 
you can readily perceive that to maintain such a temperature in 
atmospheric pressure is simply impracticable. 

“T mail you herewith a copy of the Twenty-fifth Annual Report 
of this company ; on pages 22 and 23 you will find a brief account 
of protecting the inside of the stand-pipe with hydraulic-cement 
mortar. This was an unqualified success in protecting the pipe 
against further corrosion, as was proved at the time of the de- 

‘ struction of the pipe by the tornado in March, 1890, when, upon 
examination of the fallen pipe, it was found that the cement lining 
applied was in perfect preservation, and the attack of rust on the 
iron completely arrested thereby. 

“The inlet pipe to this company’s pumping station, put in 
operation in 1860, is of wrouglt-iron plate three-eighths of an inch 
thick and 50 inches in diameter, and about 300 feet in length. 
Prior to the completion and use of the new pumping station, 
there was never an opportunity for the careful examination of 
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this pipe as to its condition for further service or durability, until 
during the past season, when, upon a thorough examination, it 
was found to be very much and quite irregularly eaten up by 


rust on the inside. In many places fully half the thickness of if rr 


the iron was eaten away, and much more than half its strength 
for resisting external pressure at these points destroyed. The 
irregularities of the rust being considered, it will not be proper 
to say that half the strength, or as much as half the pipe, has 
been destroyed, because in a good portion of the pipe the metal 
did not seem to have been materially injured by rust. The irregu- 
lar, splotchy, and spotty manner of corrosion is to me wholly 
inexplicable, for the interior of the pipe was attacked and rusted 
in a manner as though the surface had been inoculated with a 
poison, which did not extend over the entire surface, and left 
parts with the original mill scale not destroyed. 

“This pipe was cleaned by scraping off the rust and brushing 
and washing off the soft, plumbago-like coating, and then it was 
plastered on the inside with hydraulic-cement mortar, applied to 
a thickness of one-fourth to three-eighths of an inch, this work 
being done by ordinary house plasterers. Imported Portland 
cement was used for about two-thirds of the length of the pipe, 
and native Louisville cement for the remainder, the change from 
the Portland to the Louisville cement being occasioned by the 
slow setting of the former and indifferent adhesion to the iron, as 
compared to the Louisville cement, which set promptly, and was 
applied with much less trouble and delay than with the foreign 


cement. With this cement on the inside of the pipe, it will last 


for an indefinite length of time, inasmuch as the exterior of the 


pipe does not seem to be affected by rust, it being incased by me 


river silt, which is approximately a perfect protection against the 
attack of rust.” ft 


THE BOWER-BARFF PROCESS. 


The merits of the Bower-Barff process for producing a rustless 
coating on iron and steel are receiving more attention than was at 
first manifested in the process. Its application is no longer con- 
fined to small articles, but the better class of wrought-iron 


+4 


constructions, railings, elevator cages, and even the heavier and — 


more important parts of modern iron buildings arereceiving such 
consideration from architects and builders, that it is no longer = 


necessary to refer to European practice for evidences of its value. 
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_ The use of the process has been steadily increasing for the past 
ten years, the principal cities of the United States being now 
_ provided with furnaces for the treatment of articles of any reason- 
_ able weight, size, and length. The wrought-iron railings and 
- fittings of over one hundred and fifty of the largest and finest 
- appointed office buildings in the country attest its merits. 

In the new Congressional Library Building at Washington— 
one of the largest and finest buildings in the world—the whole 
range of bookcases and shelving, and all the visible iron and 
steel work of. the construction, is Bower-Barffed, and all of the 


balance of the iron and steel work is coated with red-lead paint— 
__ oxide-of-iron paints being specially prohibited from use in any 


part of the construction. Thus are brought together under one 
roof the two best known methods for the preservation of iron 
from corrosion, the comparative merits of which will be for the 
coming generations of architects and engineers to decide. 

A late improvement of the Bower-Barff process, called the 
“Wells process,’ consists in forming the black or magnetic rust- 
less coating, Fe,0,, by one operation in a thorough and com- 
plete manner, by subjecting the articles to be treated, when 
brought up to the required temperature, to the action of mingled 
steam and carbonic oxide gas, instead of the usual Bower-Barff — 
process of the alternating action of hot air, producer gas, and 
steam ; this latter process forming at first Fe,O;, red rust, or 
forge-scale, and then reducing this to the required coating, 
Fe,O, 

The cost of applying the process must necessarily vary with 
the size, weight, and other characteristics of the article to be 
treated. For builders’ hardware and that class of articles called 
shelf goods, domestic articles, etc., the cost is about five per cent. 
of the net cost of the goods to the manufacturer. -Wrought-iron 
grilling, office railings, and the better class of scroll and fancy 
work cost about two cents per pound. Wrought-iron steam and 
water pipe is coated for about the same expense per pound as is — 
required to paint it. A further benefit to this class of articles is 
had in the fact that the inside of the pipe receives at the same 
time the same coating as the external parts. Wrought-iron 
I-beams, channels, and other shapes entering into building con- 
structions can be treated very cheaply; the principal expense 
is first cost of the furnace; the actual operating expenses are 
very small—fractions of a cent per pound. Ma 
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It has been found, in articles treated by the Bower-Barff, also 
by the Wells, process that a permanent elongation and increase in 
size, amounting to one-twenty- -fourth inch per foot, is had, which 
must be allowed for in the fitting up if the pieces are to be as- 
sembled ; otherwise, there appears to be no change in the strength, 
other than due to annealing processes. 

The Bower-Barff Rustless Iron Company, No. 31 Nassau Street, 
New York, have issued lately a pamphlet, No. V., describing 
their process, in connection with the W. T. Wells process, and 
giving a list of the principal buildings in the United States where 
their work has been applied to a greater or less extent. 

An instance of the almost imperishable nature of this magnetic 
oxide-of-iron coating is found in the famous wrought-iron column 
of Delhi, India. This column is remarkable not alone for its 
beauty as an object of art, but also for the constructive skill of the 
earlier race of iron-workers. It must have required centuries of 
practice to have acquired the knowledge and manual skill to 
forge and erect it. 

It is of wrought iron, sixty feet in height, sixteen inches in 
diameter at the base, and tapering to twelve inches at the top, with 
an enlarged and ornamental fluted capital, and was forged solid, 
the capital ornaments chipped to form and finish, the chisel and 
file marks thereon being distinctly discernible. Its weight is 
approximately seventeen tons, and it was erected 900 z.c. The 
surface of the whole column is practically free from rust, except 
where modern vandalism has defaced it, even to the extent of its 
affording a target for her Majesty’s artillery officers to exercise their 
guns upon. It had been treated by the magnetic oxide-of-iron 
process before erection by its Indian forgers, and it stands to-day 
one of the most remarkable examples of ironwork that has ever 
been constructed, and, with all our boasted western or latter-day 
progress in the arts and sciences, could not have been duplicated 

_ previous to the year 1860 in the United States, nor in the whole 
of Europe, by more than a half-dozen forge firms. Much may be 
due for its preservation from corrosion, to the wonderful climate 
of India, but the fact remains that the Indian forgers recognized 
that some means for its preservation was needed, and they applied 
that method that observation had taught them was the most 
effective, and which, no doubt, was the slow growth of the cen- 
turies that passed while they were acquiring the mechanical and 
directive skill that rendered its construction possible. = 
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DISCUSSION. 

Mr. Henning.—I would like to call attention to an apparent 
contradiction on page 872. We have so much to take out of this 
paper that anybody can be suited. A great deal of attention is 
given in the paper to the more rapid corrosion of unstrained than 
strained material, but on page 372 it is summed up in the follow- 
ing words: “ The test made with specimens, after being submitted 
to torsional stress, representing a bar that had been twisted 
through an angle equal to half a revolution, and prepared similar 
to those in the tensile tests, showed results identical with the ten- 
sile strains. In every instance the unstrained metal was the electro- 
positive element, and was corroded more rapidly by the sea water.” 
In the next paragraph it is said: “This conclusion was further 
supported by tests made with iron and steel plates, when a flat 
piece was compared with one bent into an U or semicircular _ 
trough; the bent plate in each case proving to be the one most 
easily acted upon by the solution.” Now if the bent plate, which 
was the strained plate, was most easily acted on by the solution, 
that would be the most easily corroded plate. There are a few 
other similar contradictions which ought to be eliminated or 
corrected. 

Mr. F. H. Boyer.—I would like to say a little of my own 
experience in Boston in putting salt water through iron pipes. 
We have a pipe line which is 1,800 feet long, through which we © 
keep continually circulating salt water; and in two and a half 
years, without any deterioration of the thickness of the metal, the 
iron has become so soft that we will have to replace it. This 
apparently is not corrosion. The entire thickness of the metal is 
there, but the iron changes to the condition almost of plumbago. 
You can take a knife and make a hole right through. 

The Chairman.—Is that cast iron? 

Mr. F. H. Boyer.—That is cast iron, made down somewhere in 
Pennsylvania. Ido not remember the maker’s name. Samples 
have been taken to the School of Technology. It leaves us with 
a very fine prospect of having to renew 1,800 feet of 12-inch pipe. 
I have, around New York, in past times, had experience with 
salt water working on cast iron, but never such an experience as 
this. I would like some explanation, if there are any of the mem- 

bers who have had a similar experience. 
Mr. Robert Cartwright.—This is a subject which has occupied 
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engineers for years without yet having a solution. But in attend 
ing this last session of the Society I have been led to think that we 
are arriving at asolution, It is very simple to cure all of this noyv, 
as Lunderstand. Of course, I am not a chemist, and do not speak 
of my own knowledge. All that is necessary now is to take a 
sample of your iron, submit it to. a chemical test, and you have 
got the cure. You want to know how much carbon, how much 
silicon, and everything of that kind, before you make your cast- 
ing. At the same time the corrosion and the deterioration of 
pipes have kept on till now. I say, I hope we have arrived now 
at a time when we are going to cure all that. I am practical, 
not theoretical. When you speak of the softening of the iron by 
the sea water, so that you could easily bore a hole through it, I 
recall that I have seen a propeller wheel which I could whittle 
right through with my knife. That was very easy to cure. We 
cured it in a very short time by putting on a new wheel. Now, 
had we known what we are coming at to-day, we would only 
have had to know how much silicon to put in, how much carbon 
to put in, and that would have cured the whole thing. You take 
a steam-chest, where they use tallow as a lubricator—it. will do 
the same thing. You put it in sea water, whether it is cast iron 
or wrought iron, and one wheel will run as long as the ship 
runs and not be affected at all, while another will all go like 
sugar. Why is it? This chemical analysis is' going to give the 
whole ‘secret of it. I do not wish to deery science. But I will 
take two of.the best irons that you can bring to me, and I 
will bring out of the cupola a product that you cannot use. 
There is as much in the manipulation of pouring, of heating, and 
of fluxing cast iron, as in all of your chemical analysis. I have 
got ten tons in a ladle. We have put in the different ingredients, 
so much silicon and phosphorus and manganese, and all that. I 
have my ten tons of iron, and I can tell you when to pour it, by 
observation. Many times I have let my iron stay an hour, two 
hours, to get to the point at which ocular demonstration tells me 
it is time to pour. I tell you that science is not going to do the 


whole of it. Why is it that we have these tremendous castings 


coming out, and the man who makes them, and is responsible for 
_ them, does not know what carbon is, or phosphorus or silicon is, 
~ but, gentlemen, he brings the good casting out of the sand every 


time. Your science is not worth a rush without the practice. 


My friend Kent the other night sounded the key-note of the 
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whole thing. We had here two tests of engines, one with 
the modern high pressure of 180 pounds of steam, compounded, 
compared with a 40 pounds pressure, old style, and he said the 
test was worth nothing. It is all useless putting this array of 
figures on the board, and taking the time of us engineers to 
listen to it, unless you subject the engines to the same trial and 
under like conditions. 

Mr. H. B. Roelker.—I have seen in the newspapers, and have 
heard privately from engineers, that similar corrosion has taken 
place in the iron sewer pipes and water and gas pipes in Brooklyn 
since the development of electric power in that city, and very 
probably the same cause may explain the corrosion of the pipes in 
Boston. We know that on coppered steamers such corrosion of 
exposed cast iron will occur every time, without exception, in the 
length of time mentioned, or a shorter time. When a cast-iron 
propeller and stern bearing are put on a coppered steamer, the 
iron is eaten out, and the black-lead remains, preserving the 
original shape of the cast iron. I have often seen that after 
three years’ time no iron was left in a propeller blade of 14 
inches thickness, but the original form remained, composed of 
black-lead. In that case it is galvanic action, and very probably 
it is galvanic action in the case of the gentleman’s pipes. Soft 
iron is generally considered to disappear much quicker than hard 
iron. 

Mr. W. F. Durfee-—This discussion has called to mind an 
experiment of my own which was made some years since, in the 
reduction of iron from its ore in crucibles. Some friends of the 
concern with which I was connected at that time had discovered 
a wonderful deposit of magnetic iron ore, and nothing would suit © 
them but seeing some wrought iron made from that ore. They 
wanted to know if I could do it. I said yes, I can reduce enough 
of that ore in pots to make a heat in the puddling furnace, some 
four hundred pounds, and I can puddle that, and make you 
some wrought iron. They made an arrangement with me to do 
it. I think it was the largest operation of reducing iron from the 
ore in pots that was ever done. Every one of those pots was 
charged alike; the same quantity of ore, the same quantity of 


charcoal, the same quantity of flux, and the conditions weremade 


as uniform as possible. The pots remained in the gas melting 
furnace about the same period of time, and were taken out and 
allowed to cool in the same way, and the button of iron taken 
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out of the bottom of the pots, and the majority of those buttons = 
were good gray iron. There were some half a dozen, ppd ee a 
that, when broken (we broke them all), were as black as tar; 
they seemed to be supersaturated with carbon ; at least, that was . 
the interpretation that I put upon their appearance, 
whittle them like the iron that has been talked about here. I did Es 4, ; 
not have an analysis of any of those buttons made, but I was — 
curious to know what would be the result of remelting these 
supersaturated buttons in crucibles, They were put intoacruci- _ 
ble all together, and melted. The result wasa good gray but- 
ton of cast iron. Just the remelting operation seemed to remove _ 
the excess of carbon that was inthem. I haveseenafew such 
samples of iron produced in the ways that have been mentioned, _ 
but I have never seen any such iron produced by the reduction — 
operation, except those buttons, Just exactly what the condi- 
tions were that produced that result and failed to produce gray 
iron in those buttons, such as was produced in the other buttons, 
of course, it is impossible to say. But the experiment shows _ 
that when all the conditions are apparently the same, that there _ 
will be sometimes accidental results obtained, which will be quite — " 
different from the majority of results under apparently the same 
conditions. 
Mr. John Platt.—I think the experience of many of you will 
lead you to think that what was mentioned as electrolysis i in the — ‘ 
pipe in question will not be the difficulty to look for. Itisa 
well-known fact that salt water under any velocity acts very _ 
readily on some kinds of cast iron ; so much so that all “eee ) 
in designing machinery for this purpose, have almost invariably — 
used some composition ; and this must be due to the fact that the 
different compositions of the iron come into play, and one never : 
knows exactly what is going to occur. Some irons, we  : 
been told, will not be acted on by salt water at all. Others, we 
know, will; so that we are not at liberty to make use of this | 
material for such a purpose. If the processes brought out in ae 
paper will lead us to any results by which we can use iron for | 
such a purpose, I am sure they will be of the greatest benefit ae 
the engineer. 
Mr. "Durfee. —I will supplement my remarks with the state 
ment that I have had some experience with the use of cast iron 
in connection with salt water, and I have noticed that if the 
castings were made very soft, they would perish very rapidly. ake 
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casting, to be used in salt water, should be of hard, dense iron, 
of course, not brittle, but a very close-grained iron, inclined to be 
hard ; and such an iron will resist the action of salt water very 
well indeed. 

Mr. Wm. Kent.—There is one paragraph in this paper to which 
I wish to call particular attention: “‘ At the recent Annual Conven- 
tion of the American Institute of Architects, in a discussion on 
the use of iron and steel in the construction of modern high build- 
ings, it was reported by one of the leading architects in the 
United States, that the iron floor-beams removed by him from 
the old Zimes building, though in use only thirty-five years, were 
rotten with rust. They were enclosed in eight inches of brick- 
work, and had been well painted with oxide-of-iron paints, and 
protected by asphaltum coverings. The iron came off in strips, 
clearly showing that the rust had followed the lamination of the 
iron.” 

Now, for the last five years in New York we have built a great 
number of buildings with just that construction—iron hidden in 
eight inches of brick-work, the iron being painted with oxide-of- 
iron paints, and protected with asphalt covering. It is very im- 
portant for us to know whether this iron which we are burying out 
of sight is going to corrode or not. It is totally opposite to the 
evidence on the other side of the question, that iron in some loca- 
tions has been in existence for thousands of years without rusting. 
But if it isso that this can happen with a well-painted, asphalted — 
iron beam, it is an extremely important matter for the safety of , 
life in New York and other large cities. I hope this question will 
be taken up by architects and civil engineers and others having to 
do with the erection of these large buildings. 

Mr. Durfee.—Following out the thought of Mr. Kent, I 
wish to speak of a construction that has got to be somewhat 
popular. I believe it is the subject of a patent—I have been 
told so, but I do not know who the patentee is—that is, the 
making of a compound beam of two “flitches” of timber, 
with a plate of iron bolted between them. That construction 
is, to my knowledge, over fifty years old. A piece of plate 
iron bolted between two timbers, that are almost invariably 
green and damp when they are put into a building, is very liable 
to be attacked with rust, which will continue until all the 
strength relied on from the metal in such a beam has departed 
by oxidation. Moreover, if the timber is green it will be liable 
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to rot very rapidly in contact with the iron, as the moisture can- 
not really escape. 

Mr. Cartwright.—In relation to the surface protection of plates, 
I might refer to the new Jronsides. She had her protective armor, 
and it was noticed that just so far above her line of immersion as 
her plate was immersed below the salt water, just so far corrosion 
took place. Now those plates were kept painted all the time, and 
__-yet. the galvanic action—presumed to be—corroded that plate. 
It seems to have the same effect that Mr. Durfee speaks of in 
that wrought-iron plate between the wood to forma girder. It 
is the worst construction that can be made, in my opinion. In 
my experience of forty-five years of laying pipe, and so on, there 
is no place where a pipe will corrode quicker than in a ship- 
__-yard. You put a pipe through the oak chips of a shipyard, and 
it will go very quickly—quicker than in any other place I know 
of—galvanized, painted, or as you please. I presume it is due 
to the acid of the wood, as Mr. Durfee justly remarks. Here 
is a damp piece of green wood that brings this acid into connec- 
tion with the plate. This rust is cumulative. It doesn’t stop. 
When it once gets an entrance it will disintegrate the whole 
plate after a while. Why it is, that is for you chemists to find 
out, not for us practical men. I do not care whether it is done 
by science or by practice. 

Myr. Piatt—When you say shipyards, you mean where they 
build wooden ships, I suppose ? 

Mr. Cartwright.—W here they build wooden vessels. 

Mr. Samuel McElroy.—My. President, I would like to say that 
this question of corrosion, and especially the corrosion of cast- 
iron pipes, has been the study of hydraulic engineers for more than 
a generation. But. it is a law, and not a contingency, and our 
experience goes to show that it depends first on the quality of 
the metal, then on the exposure, and also on the precautions 
used. Fora great many years one of the most valuable protec- 
tives of iron exposed to acids or weather action, or whatever it 
may be, has been hydraulic cement. In the suspension bridges it 
was found that the most valuable material in which the wires 
could be buried is hydraulic cement. The French engineers for 
a long time coated their water pipes with hydraulic cement. We 
find this corrosion everywhere, and water pipes exposed to salt 
water are particularly subject to it. In New York, along the docks, 
three or four years is the life, The ordinary life of a cast-iron 
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pipe is twenty or twenty-five years, asarule. This subject opens 
a wide field, impossible to discuss in the limited time we have, 
but I believe it is a question of quality, a question of exposure, a 
question of palliation or prevention. 

Mr. E. F. C. Davis.—There is probably no place where corrosion 
occurs more rapidly than in an anthracite coal mine. There the 
water is permeated with a certain amount of sulphuric acid, and 
sometimes with a small portion of nitric, and it has always been 
found that pumps and pipes under ground corroded very rapidly 
when made of cast iron. I have seen some examples of cast iron 
preserved for a great many years by simply coating it while warm 
with a mixture of one-half coal tar and one-half asphaltum. I 
have seen pipes submerged in mine water for over twenty years, 
in the case of an abandoned mine, and it was found that the cast- 
ing was in the same condition as when it went down there, that 
is, utterly free from the action of acid. This coating seems to be 
imperishable so long as no mechanical action destroys it. It 
answers all the requirements, where there is no actual cutting 
action. That answers the purpose for the outside of the pipes, 
but where the water flows through them it will cut that away. 


There they find it quite practicable to préserve the pipes by giv- = 
ing them a coat of this coal tar and asphaltum while warm, then & 


lining them with five-eighths-inch or three-quarter-inch of pine 
staves, and the swelling of the staves keeps them in position. 


That is a common method in use in the anthracite regions. The — Z 


action on cast iron is exactly like what our friend from Boston 
mentions. The iron seems to become turned into a sort of 
graphitic compound. The volume remains, unless it has been 
positively cut away by some mechanical action. But it is rather 
treacherous in that respect, because the iron does not disappear, 
but simply loses strength and weight. 
Another way in which it has been attempted to prevent corro- | 

sion, where it is not practicable to line the inside of pump bodies 
and pump chambers with a wooden lining, was to coat the cores 


with a paste composed of silica and carbonate of soda. I have _ 


made a number of experiments of that kind, and found we could 
get a coating of about a thirty-second of an inch, sometimes thin- 
ner, sometimes thicker. That coat, although very thin, was sim- 
ply an increase of the ordinary scale that comes on cast iron, and 
it would, in many cases, double the life of the casting. It is now 
used to some extent, and I am surprised it is not used more than 
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it is in the anthracite regions. It does not cost anything to speak 
of.* 

Mr. J. T,. Hawkins—Mr. President, I would like to enter a 
mild protest, if I may call it such, to what seems to have been an 
attempt, unintentional perhaps, to belittle the chemist in this dis- 
cussion, and I would also like to obtain a little information from 
the same gentleman who made that belittlement. Perhaps he can 
give the information to me and to the rest of us. We know that 
the metallurgic chemist has done wonders for us in the last decade 
or two, and but for him we would not to-day have what is known 
as Bessemer steel. We know that in the production of Bessemer 
steel there is a very critical period, which is determined chemically, 
at which the operation is arrested. That is the critical period in 
its process. The gentleman who thinks so little of the metal- 
lurgic chemist tells us that he can take a ladle of cast iron when 
it is melted, and watch it for one, two, or three hours, and there is 
something in his inner consciousness that tells him just exactly 
when he ought to pour it. Now the chemist tells us in the case 
of Bessemer steel in a way that we can all follow; and I would 
like the gentleman to teil me, as an engineer who has watched 
and tried for a good many years to get good results in making 
certain kinds of castings, without having been able to quite over- 
come the difficulties, how he determines this period, so that we 
may do it. Some said my difficulties were because the iron was 
not poured at the right time, was not the right composition, the 
cores were not made right, etc., but none of the explanations 
exactly hit the case. I thought perhaps my friend might be able 
to tell me just exactly when or how he finds out—just exactly 
what it is in him that tells him when to pour that ladle of metal 
so as to get good results. 

Mr. Cartwright.—I offer an humble apology if any word I have 
said has been with a view of belittling chemical science. I have 
the greatest respect for the chemists, and the greatest respect for 
their research. If anything I have said conveys the impression 


* 112 pounds Silica. 
44 Cale, Soda Carb. 
24 Cale, Carb. precip. 


Coat the core or mould with plumbago facing, and apply the enamel as a pow- 
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% that I belittle it, I did not mean anything of the kind at all. Now 
* this is practice, gentlemen, this is not theory; and I think I will 


be corroborated by every man who has run acupola. I do not 


- mean by that a man who has been superintendent of an establish- 
- ment that had a cupola, but a man who has had to go inand cure a 
sick cupola, with an incompetent foreman to operate it. That is 
what I mean. Now, we all know that there are certain manipula- 
_ tions; you may say they are almost intuitive. I am not the only 
one that knows it. Any one who pours large masses of iron knows 
when his melted iron comes out into his ladle, and he sees it by 
ocular demonstration. I was shown it by those who taught me, 
and I cannot explain it, but I can show it to you. Those things 
you cannot get by chemical research. It is only by ocular dem- 
onstration. When Bessemer steel was first started in this country 
they sent over to England and got a man who kept his eye on the 


flame, and said, when the flame assumed the right color, “ Now— 


this is the time to pour off.” They tried spectrum analysis and 
everything of the kind to put that man out, but they didn’t do it. 
In Cleveland they put a man to watch it, and when its color 
demonstrated that the experience of the other man told him it 
was right, then pour the steel. That was done. The high-priced, 
imported man was soon let go. Now, is there any trouble in all 
these Bessemer works to know by experience when the carbon is 
all blown out of the iron? Not at all. Now, these are matters 
of experimental or practical research, not theoretical study. Mr. 
Bessemer’s idea of blowing out the carbon and charging so much 
afterwards of the spiegelersen was a different thing altogether, 
but Mr. Bessemer has not made all the steel that has been made, 
and he has not made all the improvements that have been made. 
They have been made by practical men. Now, I take it back, ifa 
word I have said conveys the impression that I want to belittle 
science. I do not care what it is, but when I see the scientist 
make the most egregious mistakes in producing work, when a prac- 
tical man that knows nothing about the science of it brings out 
good results, there is a reason for it. I am afraid we are like the 
German student with theology. He gets along to a point where 
he conceives the thing so fine that he finally concludes that there is 
no Supreme Being. I think we are chasing amyth. Who ever that 
has run a country machine shop, as I have, knows anything about 
starting a chemical laboratory and making a blue print? You 
have got to be practical. Science and practice go together. 
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Mr. M. P. Wood.*—I note Mr. Henning’s remarks upon a 
contradictory paragraph in the record of Mr. Andrews’ experi- 
ments, page 372, on strained and unstrained metal. In the 
galley proof sent me, “the most easily acted upon,” etc., was 
corrected to read, “ the least easily,” etc., but in the rush to get 
the papers out for the customary distribution two weeks before the 
date of the meeting, that correction and some others got left. 

Mr. Boyer’s experience with the twelve-inch cast-iron pipe is 
remarkable for the rapidity of the change from iron to plumbago. 
Under ordinary circumstances that thickness of pipe should have 

lasted about twenty years. I can only attribute this rapid change 
_ to the moral depravity of the founder who cast the pipe, which 
must have left its impress on the materials inanimate ; and I think 
the analysis of the pipe samples will show a poor grade of cast 
iron, in which a large percentage of burnt grate-bars and poor 
scrap iron entered, instead of a firm, close-grained iron. I hope 
Mr. Boyer will interest himself enough in this subject to send, for 
record in the Transactions of our Society, the analysis of this pipe 
- iron. Something in this case is no doubt due to continued chang- 


ing of the salt water inside of the pipe, the current carrying away 


the particles of free carbon that all cast iron has in addition to the 
carbon combined with the iron, any slight corrosion only rendering 
the carbon particles more easily detached from the metal, and the 
pressure under which the sea water was being forced through the 
pipes would also search out these particles of carbon and Fe,O,, 
and expedite the change. It has been noted that cast-iron piles 
and other castings corrode more quickly in running seas or where 
there is a constant change of the sea water going on; also, that 
similar cast-iron objects buried in slime and sea-water mud are not 
corroded so rapidly as in the former case. I hope Mr. Boyer will 
also give us the detail of the means he has taken to prevent a 
renewal of this experience of short-life pipe, that those who come 
after us in the counsels and debates of the American Society of 
Mechanical Engineers may have a record, if not of a success, of at 
least a failure, which is many times of equal importance to our craft. 

Mr. Milne’s experience with cast-iron water pipe at Brooklyn, 
N. Y., and Mr. Hermany’s at Louisville, Ky., given in the body 
of this paper, though conflicting in character, and uncertain as a 
guide to predict a future result therefrom, are none. the less 
instructive, and show us how important it is to keep accurate 


* Author’s closure, under the Rules, 
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records of the details of engineering work in all stages of its 
progress, if not for the enlightenment of the engineer in charge, 
at least for the benefit of his employers, and the succeeding engi- 
neer in charge of the work. 

Attention to the little things often decides the question of suc- 
cess or failure of many engineering enterprises. I cite a case 
where ten miles of ten-inch diameter bell and socket cast-iron 
pipe was laid, thoroughly calked, and tested by air pressure, 
covered in, and pronounced a highly creditable job, which even our 
practical friend Cartwright would have admired; yet, when the 
line was put into duty of piping natural gas, it went all to pieces, 
so to speak, inside of two months, and the entire line of pipe was 
dug up, joints drawn, cleaned, and relaid, at an expense greater 
than the original cost of the whole line, pipe and all. 

The difficulty was, that coal-tar-coated hydraulic pipe had been 
laid by the contractor, and allowed by the engineer of the pipe- 
line gas company. The gas softened the coating of the pipe; that 
on the inside of the pipe was all cleaned off, but the coatings 
covering the spigot ends and inside of the bells softened and 
oozed with the pressure of gas in the mains, and acted as a lubri- 
cator for the pipes to go and come on at the changes of tempera- 
ture and pressure of the gas, and no amount of calking could 
keep the joints tight. Had the engineer in charge of the work __ 
been even a poor chemist, he could have foreseen the cause of 
failure and avoided it; the. cause being quite independent of the 
composition of the iron in the pipe, or the temperature at which 
it was poured ; the personal equation of the latter, in Mr. Cart- 
wright’s opinion, being a greater factor for success than the for- __ 
mer, with which opinion I cannot agree. * 

Chemistry alone may not be able to solve the problem of the © e 
corrosion of iron, but it will do more than the iron founder, who, 
out of a hundred or more castings, should he find one or more 
that resisted corrosion to greater or less degree than the others, or 
that was stronger, poured better, puddled or machined better, or 
had one or the other of the many qualities sought for in cast 
iron, or in its advanced stages of manufacture as wrought iron or 
steel, would have to resort to the chemist and his analysis to 
determine wherein the differences lay, even if the chemist dis- 
regarded the moments of inertia, the modulus of elasticity, the 
coefficients of expansion and contraction, as zealously as the most 
practical of all the iron founders since the days of Tubal Cain. 
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Mr. Roelker suggests that the cause of the corrosion of the Bos- 
ton twelve-inch water pipe was electrolysis, due to electric currents 
from the street railway systems. This cause could not have 
affected the pipe so uniformly as cited, and would have more 
likely caused failure in the pipes in spots, rather than a collapse 
of the entire line. 

In the discussion of this paper, reference is made to the fact 
that pieces of armor and ancient weapons have been found after 
_ the lapse of hundreds of years, untarnished by rust. In explana- 

tion of these instances of non-corrosion, it is stated that these 
articles have invariably been found in places where the air sur- 


3 rounding them was pure and dry, and practically unchanged from 


the time of sealing them up until they were found in modern 
times; that they were bright and polished, and had no mill or 
forge scale upon them to inaugurate the corrosion process. 
On pages 352 and 353 of this paper the deleterious action of 
mill scale to inaugurate and perpetuate corrosion is fully shown. 
The difference between this corrosive agent, mill or forge scale, ses- 
quioxide or peroxide of iron, Fe,O,; = 70 per cent. of iron and 30 
per cent. of oxygen, and the black or magnetic non-corrosive 
oxide of iron, Fe;0, = 71.9828 per cent. of iron, and 28.0172 per 
cent. of oxygen, is very small; but it is enough to determine that 
the first is one of the most perishable metallic bodies known, and 
_ the other one the most imperishable. 

The reduction in the crucible or blast furnace of either or both 
; _ of these oxides of iron to a metallic state, for commercial purposes, 


has nothing to do with the corrosion of the product, which is due 
_ to the access and accumulation of oxygen instead of carbon com- 


pounds. 

Instances of the protective nature of hydraulic cement were 
given in the first paper,* and are otherwise cited on pages 388, 
389, and 412. Much depends upon the quality of the cement 
used, the method of its preparation, and how quickly it is used 
after being wet up, and before it has “set” in any degree. If 
broken up and used after “setting,” it is as worthless for et 
tective or bonding purposes as cornmeal. In any case of i 
application due attention should be paid to remove the forge or 
mill scale, as the bond of the hydraulic cement to the iron it 
covers can in no case be superior to that of a good paint ; the con- 


* Transactions of the American Society of Mechanical Hngineers, Vol. XV., 
No, 598. 


. 
al 
+. 
~ 
AG 
“Ag 
ne 
ik 
on 
— 
> 
~ 


RUSTLESS COATINGS FOR IRON AND STEEL. 


dition that would scale the cement would probably peel off the 
paint and leave the metal exposed. Either of these injuries to 
the protective coatings will be less liable to occur if the coatings 
are bonded‘ to the metal direct instead of: to a semi-loose inter- 
mediary body of forge scale. 

In regard to the methods adopted for the protection from cor- 
rosion of the iron structure or cage which is so prominent a con- 
struction feature in the modern sky-scraper office building—many 
of them twenty stories high, others proposed of thirty stories, and 
even fifty stories is not considered as a limit to the height unless 
the elevator service is found inadequate, as each elevator can only 
supply about fifty offices—but little can be said in favor of these 
methods, and everything in condemnation. Since the December 
meeting, where the effect of corrosion upon the iron beams used 
in ordinary architectural work was presented (p. 409) for the con- 
sideration of this Society, the leading architects of New York 
have been interviewed by the 77zbune (Sunday edition, December 
30, 1894), the consensus of their opinion being expressed by one 
of the prominent members as follows: 

“With regard to the strength of the steel cage constructions, 
both as to wind strain and other disturbing strains, there is no 
question. We have overcome all objections arising from these 
points, but unless exceptional care is taken in the construction to 


protect the steel cage, particularly at its joints, from corrosion, I _ = 
believe that this class of buildings will not be permanently safe. _ 
I believe it to be perfectly feasible, with great care, to protect the _ 


steel frames from corrosion, but I am convinced that many high 
buildings have been put up in this country where the proper care 
in this respect has not been taken, nor the necessary preventives 
against corrosion applied.” 

Further comment is unnecessary. I can only add that out of 
the whole number of these structures which are at the present time 
(December, 1894) in course of erection within this city (New 
York), which I have inspected—some twenty or more—but a small 
percentage of them have thus far received what may be con- _ 
sidered an intelligent treatment for preventing the corrosion of 
the metal; whatever its position or location in the structure, or _ 
the nature of the metal used—cast iron, steel, or wrought iron, 


nearly all of the work has been painted at the workshop after Ss 


machining, wholly or in part, with oxide-of-iron (Fe,O,) paints 
applied over the dirt and grease due to machining processes, and. 
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over the mill scale as well. In the few cases where red-lead 
paint had been used, the condition of the work was slightly better 
in appearance than where the iron paints had been used, but the 
mill scale and machine grease were still there, and too many 
evidences that the red-lead paint had been too close a companion 
to the fish-oil barrel, and had, so to speak, “set” in the paint-pot 
instead of upon the work. 

The expense for soda, acid, and other items, including labor, to 
clean from grease and mill scale the class of wrought-iron and steel 
work that enters into the construction of the modern office build- 
ing will be about one-tenth of acent per pound of material treated, 
or, by the square yard, will be a little more than the labor account 
of the painters for one-coat work per square yard of surface, 
depending in a great measure upon the weight of the beams, 
columns, etc., which vary in the different structures; also in 
various parts of the same structure. 

A gallon of pure linseed oil will require not less than 16 pounds 
as a minimum quantity of pure red lead to 21 pounds as a 
- maximum quantity, for a reliable non-corrosive red-lead paint 
_ which will cover from 750 to 1,200 square feet of metallic surface. 
_ These quantities of material at once remove red-lead paint from 
- any comparison of cost with the oxide-of-iron mixed paints— 
principally in the form of proprietary goods, the ingredients of 
which are only known to the makers, and the character and per- 
_ formance of which will vary in quite as erratic a manner as the 
_ price paid for them—the moral turpitude of engineers, as well 
as the architects, permitting them to be used to the detriment of 
_ their work; the governing factor, present cost, being paramount 
to the safety of their structures. Yo Jodits 
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EXPERIMENTS on A SYSTEM OF GOVERNING BY 
COMPRESSION, 


“pond gif BY JOHN H. BARR, ITHACA, NX. ¥. 


a Tue effect of compression upon steam engine economy has been 

a subject of discussion for a long time. Several papers recently 
presented before this Society have revived the consideration of 
this topic, and have been followed by some experimental work; 
but it is probable that further investigation will be required to 
settle many of the points involved. The writer of the present 
paper became much interested in one phase of the question 
some time since, and was led to begin a theoretical and experi- 
mental study, which, if not the direct consequence of the earlier _ 
work on the subject, has given some results having a bearing __ 
upon previous discussions. This work is not yet as complete 
and exhaustive as it is hoped to make it; but the experience is 
related now because it is thought to offer experimental data of 
some possible interest. 

These results are not presented as conclusive evidence, and 
they do not fully accord with what seems to have been a some- 
what prevalent idea; or, rather, they indicate that this idea, 
while correct in a general way, exaggerated the effect of certain 
phenomena. 

‘The combined effect of compression and inertia of the recipro- 
cating parts upon smoothness of running at high speeds was 
clearly demonstrated many years ago by our honored member, 
Mr. Charles T. Porter. The value of compression in filling the 
clearance volume, in engines with large clearance, has also been 
recognized in a general way for a longtime. One other question, 
the economic value of compression as an element in governing, 
has been the subject of occasional discussions ; but experimental 
data on this point seem to be meagre. 


*Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Vulume XVI, of the 7rans- 
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It has been well known for a long time that a given engine 
with given initial pressure, etc., operates with the lowest steam 
consumption per horse-power per hour at a certain point of cut- 
off, and that a variation of the point of cut-off either side of this 
point is accompanied by a higher rate of steam consumption. 
With a given initial pressure, back pressure, speed, and point of 
exhaust closure, each point of cut-off corresponds to a definite 
mean effective pressure and horse-power. 

A lighter load is usually met by an earlier point of cut-off, and 
a heavier load by a later cut-off. The rate of steam consump- 
tion over the best economy usually increases faster for an ear- 
lier cut-off than for a correspondingly later cut-off. The latter 
change results in a higher terminal pressure with greater loss 
through free expansion, but this is in part compensated by a 
reduced rate of cylinder condensation and reévaporation. 

The earlier cut-off gives, on the other hand, a greater ratio 
of expansion, but is accompanied by a much larger condensa- 
tion rate. The effect of the earlier cut-off is to expose the 
internal walls of the cylinder to steam of the maximum tem- 
perature for a shorter time, and to a lower temperature for a 
longer time, relatively, than is the case with a later cut-off. 
This tends to reduce the mean temperature of the cylinder walls, 
and thus to increase the actual amount of steam condensed per 
stroke, while the indicated horse-power is less, and thus the 
rate of condensation is increased from two causes. The general 
effect of a high ratio of compression is the opposite of this; 
that is, an early exhaust closure and higher mean back press- 
ure tends to raise the mean temperature of the walls, and hence 
to reduce the amount of condensation. 

The mean effective pressure can be reduced to meet the 
requirements of a light load either by reducing the mean for- 
ward pressure or by increasing the mean back pressure. The 
waste per horse-power through cylinder condensation is pro- 
portional to condensation (actual) divided by the mean effective 
pressure. The former method reduces the denominator of this 
expression, but tends to increase the numerator at the same 
time, while the latter method reduces both numerator and 
denominator; hence it should be the more efficient means of 
securing a required reduction of mean effective pressure so far 
as the condensation waste controls efficiency. 

In many instances, notably in electric railway plants, the en. 


~ 
= 
Aes 
a 
te 
' 
ve 
+ 
— 
te 
a 
a 
ons 
= 


482 EXPERIMENTS ON A SYSTEM OF GOVERNING BY COMPRESSION: 


gines run at much less than the most economical load, a great 
deal of the time. This is probably often the result, in part, of a 
_ too literal adherence to the injunction, “ When you are gittin’, 
- git a good deal,” in buying too large an engine ; but it is due 
more to the necessity of providing power for the occasional ex- 
cessive loads to which these plants are subject. To meet the 
requirements of such service, an engine is needed which will run 
with reasonable economy at considerable less than the best load. 
The very heavy loads usually last for short periods only, and 
have correspondingly less effect upon the running expenses. 
From trials and observation of the performance of such plants, 
the writer became much impressed, something over a year ago, 
with the idea that a suitable system of compression governing 
might improve the economy of an engine under light loads. This 
was byno means a new idea; it has probably occurred to a great 
many engineers. In a paper read at the Hartford meeting of 
the Society, in 1881,* Dr. Thurston said : 

“Since, however, the proper ratio of expansion for the engine, 
when once installed, is determined mainly by the steam press- 
ure, and since any variation from this point is usually produc- 
tive of reduction of efficiency, it would seem that the ratio 
should be fixed at the best proportion for the steam pressure 
adopted, and never changed. . . . It becomes at once evident 
that an allowable system of regulation must now affect the back 
pressure or cushion line. . . . It then becomes evident that 
the only admissible plan is the variation of the net power of the 
engine by an alteration of the compression line. . . . It 
would seem, then, that we have here an admissible method of 
regulation, and one which should be, on the whole, that best 
fitted to give high efficiency, since any excess of work of com- 
pression results simply in the transfer of heat back to the 
steam side.” 

At the New York meeting in 1883, Mr. Tabor presented a 
paper upon “Compression as a Method of Governing,” + in 
which he discussed the system of compression governing in 


greater detail. Many other advocates of this system could be _ 


* Note relating to the Proper Method of Expansion f Steam and Regulation of 
the Engine. by R. H. Thurston, 7ransactions A. 8. M. £., Vol. I., p. 846. See 
also Thurston’s Manual of the Steam Engine, Vol. I., pp. 683-697. 

+ Transactions of the American Society of Mechanical Engineers, Vol. V., 
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quoted, including, perhaps, to a limited extent, almost the entire 
fraternity of builders of single-valve automatic engines. 


Fig. 130 shows an ideal diagram such as might be obtained 
28 
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by this method of compression governing, while Fig. 131 shows 
a diagram for an equal mean effective pressure as obtained by 
the usual method of regulation. 

The writer devised a valve mechanism which would produce 
such a cycle as that indicated by Fig. 130, the steam distribu- 
tion being characterized by these features. 

To meet a resistance greater than the most economical load, 
cut-off occurs later, accompanied, as in the ordinary single-valve 
automatic, by somewhat less compression; to meet a lighter 
load, the compression is increased, but the point of cut-off 


18,87 


Fig. 181. 


remains fixed; that is, the reduction of mean effective pressure 
is effected entirely by a change in the point of exhaust closure. 

To avoid the excessive pressure in the cylinder at the end of 
compression (as indicated by the dotted line of Fig. 130), with 
very early exhaust closure, a relief valve was to afford commu- 
nication between the cylinder and the steam chest. This was 
to be so arranged that it would open when the pressure in the 
cylinder equalled or slightly exceeded the pressure in the steam 
chest. This scheme had two obvious defects: first, the relief 
valve was bad, mechanically, especially at high speeds ; second, 
with a very light load on the engine, the mean effective pressure 
might still be too great even with the earliest possible exhaust 
closure. Thus, with an initial pressure of 90 pounds per square 
inch by the gauge, minimum cut-off at } stroke, clearance 5 per 
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cent. and 16 pounds exhaust pressure, the terminal pressure a 
would be about 35 pounds, and the mean effective pressure wee a a 
would be about 18 or 19 pounds, with exhaust closure at _ an 
beginning of the return stroke. With lower exhaust pressure, 2 4 ie 3 


higher initial pressure, or larger clearance, the mean effective 


pressure would be still greater. 

To avoid these difficulties, another valve mechanism was 
devised in which the relief valve was eliminated by providing aa 
for a variable lead ; and in which the minimum cut-off was wiaky | a 
enough to reduce the terminal pressure to within a few pounds” a 


of the exhaust pressure. Mr. Tabor had intimated that this ce es 
could not be done, but the writer was not familiar with =a a 


paper at the time. 

This design required separate steam and exhaust valves, each ae 
operated by its own eccentric. Both of these eccentrics wereto 
be movable, but they were controlled by the one governor, 
the mechanism proposed is but little more complex than that ae 
of any two-valve engine. The valves operate in such a way that aa 
the steam-valve opening is timed to correspond to the compres- — 
sion. Thus, for a given initial pressure, clearance, and exhaust : oe 


pressure, the compression reaches initial pressure at a quite —— 
definite position of the piston. —— 

With the first scheme the relief valve opens at this point or a 
little later. It is evident that, with equal pressure in the cylin- 


der and steam chest, it matters not whether the equilibrium of a 4 : 4 
these pressures is maintained by a special relief valve or age a 
the opening of the regular steam valve. ae 


The valve mechanism was so designed that cut-off could vary . a 
from any assumed best point to say three-fourths stroke, accom- . 
panied by moderate reduction of compression, to meet heavy 
loads; while, to meet light loads, the cut-off becomes somewhat 
earlier, but the change in the mean effective pressure is effected 
mainly through earlier exhaust closure. In other words, a mean 
effective pressure, larger than that corresponding to the best 
load, was to be secured by an increase of the mean forward pres- 
sure with an incidental decrease of the mean back pressure; a 
smaller mean effective pressure was to be obtained by an in- 
crease of the mean back pressure and, incidentally, with a 
slightly lower mean forward pressure. As indicated above, 
the earliest point of cut-off can be made just sufficient, when 
acting in conjunction with the earliest exhaust closure, to pre- 
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vent the engine from running away under the smallest possible 
load. 

The peculiarity of the steam-valve action is that for a change 
of the governor to one side of the position corresponding to the 
best load, the cut-off becomes later, and lead does not vary 
greatly ; while for a change in the other direction the lead in- 
creases considerably and the point of cut-off is shifted but little. 
The exhaust valve permits great range for exhaust closure, while 
maintaining an almost constant release. Fig. 132 shows a series 
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Fie. 182. 


of ideal diagrams covering a wide range of load. Each diagram 
is designated by a number, beginning with I for the lightest 
mean effective pressure. Thus the outline [Va, IVe, IVr, [Vc 
(shown by the heavy line), is the diagram corresponding to the 
assumed best load. The subscripts a, e, 7, c, designate points of 
admission, expansion (cut-off), release and compression, respect- 
ively. 

According to the reasoning already given, it was thought that 
this steam distribution would give a higher mean temperature of 
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cylinder walls than would result from the more usual system for 
any given small mean effective pressure, and hence would reduce 
the cylinder condensation. It was also thought that, with the 
short time of opening to exhaust, the exhaust loss would be com- 
paratively low. All work done upon the confined steam after 
exhaust closure must evidently result in returning steam to the 
chest or in heating this steam. The heat thus imparted to the 
steam is either transmitted to the walls directly, thus raising 
their temperature before admission of the succeeding charge of 
steam ; or it is retained in the clearance, or returned to the 
steam chest. In any event it is not rejected nor wasted. 

Having reached the conclusion previously arrived at by many 
others, and having submitted the scheme to several prominent 
engineers, with the result of a general approval, it was decided 
to subject the theory to an experimental test. 

After studying various engines with a view to finding one 
which could be best adjusted to the desired steam distribution, 
it was found that the Corliss engine, with separate eccentrics and 
wrist plates for the steam and exhaust valves, could be readily 
made to meet the requirements. The high-pressure element of 
the Sibley College Reynolds-Corliss experimental engine was 
accordingly used for this work. The trials were made with the 
cooperation of the college officers, and the efficient assistance of 
Messrs. Hall, Adams, Gerry, and Kranz, advanced students in 
mechanical engineering. 

An ideal diagram, similar to that of Fig. 130, was laid out, and 
the proper adjustments of the engine were made. 

By lengthening the exhaust-valve links the exhaust lap is in- 
creased, giving earlier exhaust closure and later release. By 
advancing the exhaust eccentric both exhaust closure and release 
are made to occur earlier in the stroke. By a combination of 
these adjustments the required exhaust closure was obtained, 
without change of release. The steam eccentric was advanced to 
give admission just as compression should reach the initial 
pressure, and the governor gave cut-off at the desired point when 
the brake load was properly adjusted. Having tested the adjust- 
ments, the trials were begun. 

A series of trials were made under two different brake loads. 
Then the engine was restored to its normal adjustment, and a 
corresponding series of trials was made with the usual system of 
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Figs. 133, 134, 135, and 136 show reproductions of typical 
indicator diagrams for the four different conditions. 
_ The trials were conducted with great care, and several of them 
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a were repeated. The exhaust steam was condensed in a surface 
condenser and weighed. Indicator cards, gauge readings, etc., 
were taken every ten minutes, and water measurements were 
taken at the signal for the other readings, and also when each 
tank was filled. The latter water readings were, of course, the 


more accurate, although the partial readings checked the totals 
within a fraction of a pound, and the practical constancy of these 
_ partial readings showed a very regular rate throughout each 
trial. The brake was kept at a uniform load by a man who 
watched it continually. 

he data obtained from this series of trials : 
bee's gives s the di ata ta: f trials : 


4 


NET BRAKE LOAD, 104 PouNDS. 

ai tall Compression. Corliss. | Comp. | Corliss. 

A B D E Cc F 

Mean steam pressure........... 109.5 | 107.0 | 111.5 | 118.8 | 110.6 | 118.3 
Mean rev. per minute.......... 88.45 | 83.46 | 83 45 | 86.69 | 81.75 | 85.95 
Steam per hour, pened, osabaee 616.0 | 611.6 | 604.0 | 575.7 | 890.3 | 780.8 
Indicated horse-power... 12.86 | 18.90 | 18.98 | 13.10 | 24.84 | 24.53 
_ Delivered horse-power. . 10.87 | 10.87 | 10.87 | 11.29 | 22.10 | 28.24 
Steam per I. H. P., per hour....| 48.00 | 43.90 | 43.20 | 43.95 | 35.80 | 81.88 
_ Mechanical efficiency, per cent..| 84.53 | 78.20 | 77.8| 86.2 | 88.98 | 94.74 


ce - These results show nearly the same water rate under either sys- 
tem of governing, although the small difference is in favor of the 
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The rate is high in both cases, but the light loads and the 
proportions of the engine would lead us to expect low economy. 
The engine is 9 inches in diameter by 36 inches stroke, and the 
clearance is large for a Corliss engine.* 

Figs. 137 and 138 give a thermal comparison of diagrams from 
the trials under the smaller brake load with the compression sys- 
tem and with the usual method of regulation, respectively. This 
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analysis was made by Mr. Thomas Hall, and a general treatment of - a 


this method was given by Professor Carpenter in a paper on ~ 
“The Saturation Curve as a Reference Line.” + The saturation 
curve as drawn in each case shows the expansion line that would 
have been obtained had all the steam used per stroke remained 
dry and saturated throughout the expansion period. The ratio 
of the steam accounted for by the diagram at any point to the 
steam shown by this curve gives the quality of the steam at 
that point. 


*This remark as to the proportions of the engine applies only when the high- 
pressure element is run as a simple engine. Taken complete, as a triple-expan- 
sion engine, it has shown remarkable economy for an engine of its size. 

+ Transactions of the American Society of Mechanical Engineers, New York 
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This quality for the expansion period is represented graphi- 
ally by the quality curve placed above each diagram. It will 
be seen that in the case of the compression system the quality 
varied from a little over 61 per cent. at or near cut-off to about 
73 per cent. at release ; while with the other method the corre- 
sponding range was from 40 per cent. to over §0 per cent. This 
indicates a very considerable smaller condensation and reévapora- 
tion with the former method, as we had expected would be the 


case. 

The saturation curve for the exhaust side, with its corre- 

P \3 

\ 


Fic. 128. 


sponding quality curve, for the compression system (see Fig. 137) 

is only relative, for we had no means of determining the actual 
quality of the exhaust at any point. This line shows, however, 
a considerable drying of the confined steam as chagpeiins 
proceeds. 

It will be seen from the data of Table I. that the mechanical 
efficiency of the engine was lower during the compression trials 
than in the other trials. This was anticipated, for the high 
compression increases the pressure on the bearings when the 
crank is near the dead centre positions. This is not necessarily 
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seriously against the system, however, for this system if em- 
ployed would be used, presumably, on high-speed engines, and 

the weights of the reciprocating parts could be proportioned to 
distribute the crank-pin pressures more satisfactorily than was 
possible with our Corliss engine. 

It appears from these limited experiments that reducing the 
mean effective pressure by increasing the back pressure does 
materially reduce cylinder condensation, as we had been led to 
expect; but we did not secure a net saving in steam. 

We have not as yet been able to conduct further trials with a 
view to tracing out the compensating losses, and must resort 
to somewhat speculative methods to account for the results 
obtained. 

The writer is inclined to attribute the result to two causes. __ 
One of these is mechanical, the other is thermal. In the paper __ 
read by Mr. Ball at the Engineering Congress in Chicago* he 
states that there is a definite relation between the ratio of 
expansion and the ratio of compression which will give the best 
economy. The writer is inclined to the belief that this theory is 
geometrically sound (although he once expressed a doubt on this 
point); but, as was stated in a discussion of Professor Jacobus’s 
paper at the Montreal meeting,t he is of the opinion that the 
effect of compression on condensation within the cylinder should 
not be overlooked. 

According to Mr. Ball’s theory, the cycle which we obtained 
with the usual Corliss regulation is much better than the com- 
pression cycle; while our results show about the same economy | 
in both cases. It then seems probable that there is something 
in the compression idea, but that we have lost its advantage by 
carrying the principle too far, just as we lose the gain through 
high ratios of expansion if carried beyond a certain limit. 

The waste through free expansion with the high pressure at 
release in our compression trials may account for the entire loss ; 
but an investigation made since our trials by Mr. E. T. Adams in 
the Sibley College laboratories leads to the suspicion that there 
is another factor in this loss which we had not previously rated 
at its full value. 


*«<Compression as a Factor in Steam-Engine Economy.” By F. H. Ball. 
Transactions of the American Society of Mechanicak Engineers, Vol. XIV., p. 1067. 

+‘‘ Results of Experiments with a Fifty Horse-Power Single Non-condensing 
Ball and Wood Engine,” etc. By D. 8. Jacobus. Jbdid., Vol. XV., p.915. 
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Mr. Adams conducted a series of trials upon cylinder con- _ 


densation by using a thermo-pile in the cylinder head. He 


placed his junctions within 4, of an inch of the internal surface i : 


of the cylinder, and by means of very careful preparations and 
the use of an extremely delicate galvanometer he secured a 
photographic diagram of the temperature changes in the cylinder | 
wall. This work shows that the exhaust waste occurs, very 
largely, immediately after release by a rapid boiling away of the — 
condensed steam, and that the loss during the later part of the 
exhaust stroke is comparatively small. By reference to Fig. 137 
it will be seen that we had about 73 per cent. steam and 27 per 
cent. water in our cylinder at release, with the compression - 
trials, and it is very probable that this water was nearly all 
reévaporated during the short time that the exhaust valve was 


open. This would account for an exhaust loss out of all pro- e 


portion to the time the exhaust valve was open. 


It seems probable that the free expansion loss and this 
almost instantaneous exhaust loss are sufficient to account for _ 
the poor showing of these compression trials. It is hoped that — 


a quantitative determination of the influence of each of these © 
factors may yet be made, for they would not be without interest, — 
even if of no direct commercial value. " 

While it is decidedly unsafe to draw conclusions from such © 


limited data, these few trials indicate, as far as they go, that, % 


whatever the possible gain from using compression as a method 
of governing may be, it will probably prove effective in amelio- _ 
rating the wastes of the steam-engine only to a limited degree, — 
under ordinary circumstances. 3 

There are two conditions under which it is possible that the — 
compression method of governing may yet prove advantageous _ 


to some extent: first, with steam pressure so low that the ordi- . =F 


nary distribution gives a large loop at the end of expansion with 
light load, and, secondly, with compound engines. 


It is hoped that an engine recently built at the Sibley College : : | ee 
shops will afford means of applying the method to these cases in 


the near future. 
DISCUSSION. 


Prof. R. H. Thurston —Protessor Barr’s presentation of the 
case, and the interesting and exact data obtained by him, con- 


stitute the first contribution, so far as I know, to this subject, 


apart from the speculative and introductory matter offered by j Ret 
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myself originally, as a merely possibly interesting suggestion, 
and by Mr. Tabor, later, in continuance of the discussion. It 
is satisfactory to find the anticipations of that original paper 
confirmed so precisely, while perhaps a little disappointing to 
find, as is undeniably the fact, that the promise of practical gain 
by its adoption is still so questionable. But exact knowledge 
is always welcome, and often finds useful application when and 
where least expected. It is to be hoped that Professor Barr’s 
plan for modified compression governing may have a fair trial 
and under more favorable circumstances. 

The complication of thermal, thermo-dynamic, dynamic, and 
geometric conditions which affects nearly every process in the 
operation of the engine, in any way related to its net final effi- 
ciency, is observed here perhaps more than in any other detail 
of the engine cycle; and the engineer here, as always, must 
finally settle upon his method of adjustment, after noting all, 
and his conclusion must, here, as always, be a compromise. 
It is interesting, in this case, to observe the illustration of this 
fact afforded by the compensation of all gain, by adjusting com- 
pression, by an opposite change, due to reduced mechanical 
efficiency. 

The work of Mr. Adams, not yet published, throws some 
light upon the question discussed by Professor Barr, and, I am 
inclined to believe, is correctly interpreted by the latter. The 
greatest loss occurs by the sudden outrush of the stored heat 
of the engine-cylinder at the instant of opening of the exhaust, 
cooling the metal far below the mean held during the later part 
of the exhaust stroke; the flow of heat from the interior of the 
mass taking later effect, and thus leaving less opportunity than 
would otherwise be found for this particular method of saving. 
But these investigations are probably only just commenced, and 
we shall look to Professor Barr, Mr. Adams, and others engaged 
in similar researches, for further and more complete data. 

The elegant method of graphical representation of the engine 
cycle and of determination of the variation of quality of steam 
and of condensation and reévaporation, seom to me among the 
most striking points of this paper. The general method is that 
referred to by me in discussion of Mr. Dall’s remarks on the 
occasion of the presentation of the paper.on “The Milwaukee 
Pumping Engine,” and has been elaborated in the course of Pro- 
fessor Carpenter’s work in most interesting and useful ways ; 
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among which ways this is perhaps not the least interesting and ES 
instructive. 

Prof. D. 8. Jacobus.—The results of these tests appear Ree? 3 
indicate that governing by compression gives about the same : 
result for indicated horse-power as if we had the Corliss cycle. - 
But I wish to call attention to the fact that in this specific case et 
the comparative economy per net horse-power is not the same 
as per indicated horse-power. When we govern by the com- 
pression we have about twice the friction, according to the 
figures presented, so that, if we compare the compression cycle © 
and the Corliss cycle by net horse-power, we have about an 
per cent. gain for the Corliss cycle for the lowest power given 
here, and about sixteen for the highest ; and, of course, as the con fe 
net power is what we are after, this is the true basis forcom- st E 
parison. 

Prof. Jno. H. Barr.*—Professor Jacobus’s criticism is par- 
tially met in the body of the paper, beginning with the last 
paragraph on page 441. After the trials were completed, a ico 
retical examination of a high-speed engine was made, to seeifa _ 
reasonable weight of reciprocating parts might be expected to 
distribute the crank-pin pressures favorably with this excessive oo } 
compression, and the results seemed to indicate that about as 
good a distribution may be secured as is usually attained. If - 
this is the case, there seems no good reason to think that the 
compression cycle necessarily involves abnormally low mechan-— “oa 
ical efficiency. For this reason it was deemed best to base | 
the comparisons upon the indicated horse-power; but in order © 
to present the case fairly, the brake horse-power was also 
reported. If the considerable increase of engine friction ‘the 
in these trials seemed to be unavoidable with the compression a 
cycle, the handicap would be serious; for, as Professor Jacobus pare 
remarks, “ net horse-power is what we are after.” 

Dr. Thurston also refers to the engine friction as one of the 
compensations ; but in comparison of steam used per indicated we 
horse-power, this cannot be so considered. ee 

The paper was not presented to prove the advantage of the 
compression system, but simply to give the data of the trials, 
which seem to have been upon somewhat different lines a ae 
any others reported to the Society. It does, as far as it goes, > ae 


my 
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indicate that compression has a marked effect upon cylinder 
condensation ; but at the same time it shows that the net gain 
to be anticipated from a reduction of this waste in this way is, 
perhaps, less than many had previously supposed; that, as 
stated on page 443, “it will probably prove effective in ameliorat- 
ing the wastes of the steam-engine only to a limited degree, 
under ordinary circumstances.” 

The general result of Mr. Adams’s investigation was given 
orally at the meeting, as the writer did not feel at liberty 
to print this matter at the time. Mr. Adams has since pub- 


lished an account of the work in Cassier’s Magazine, and it may 
be proper to give a brief statement of it here. 

Fig. 159 is a reproduction of the actual diagram representing 
the changes in the temperature of the wall at a point in one 
head ;4, inch below the surface. Figs. 140 and 141 show the 
indicator diagrams and this metal temperature diagram respec- 
tively. It will appear from these figures that the temperature 
of the wall rises during admission, falls gradually during expan- 
sion, falls rapidly at release, then rises during the first part of the 
exhaust stroke, reaches a maximum, and falls again till compres- 
sion begins, when a rise in temperature follows. The only feature 
of this which needs explanation is the reheating of the walls 
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during the early part of the exhaust. This is accounted for by 
the very rapid surface cooling at release, which lowers the tem- 
perature near the surface much below the mean temperature 
of the walls. After the moisture of the steam is all evaporated, 
the conduction of heat is from metal to dry steam ; and hence 
the cylinder does not impart heat to the exhaust so rapidly, 
and the heat flowing from the mass of the pw toward the 
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inner surface reheats the cooler portion previously reduced to 
the lower temperature. 

This is analogous to what takes place when a piece of hot 
iron is suddenly plunged into water and quickly removed; the 
surface will be again heated upon removal from the water, but 
will not get quite as hot as before plunging. This investigation 
of Mr. Adams seems to have revealed an unsuspected event in 
a much-studied phenomenon; and while the results are only 
qualitative, it is hoped that quantitative data may yet be 
obtained by this method. 

The work of Mr. Adams indicates that our efforts to reduce 
the thermal wastes of the engine must be in the way of preven- 
tion, or must be directed toward events which occur before 
release, or very shortly after; for the main aia loss 
apparently occurs very soon after this event. mie 
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or TS OF MEASUREMENTS TO TEST THE ACOU- 
RACY OF SMALL THROTTLING CALORIMETERS. 


: (Member of the Society.) a 


THE following data are the results of tests made as a prelimi- 
nary to an investigation undertaken for the Babcock & Wilcox 
Co., by Professor Denton, to determine the conditions under 

_ which throttling calorimeters applied to a steam main are a reli- 


able means of determining the average amount of moisture in 


_ the total quantity of steam flowing through it. 

_ The results of the experiments tend to confirm the opinion 
that the indication of these instruments may greatly exaggerate 
the amount of-moisture, and that the degree of inaccuracy 
_ depends upon the local conditions. 

It is thought desirable, therefore, to bring the matter to the 
notice of the Society, and invite discussion, so that subsequent 


experiments may cover the conditions of any peculiar experi- 


ences of members in this line. 

The tests indicate that various nozzles, such as are now used 
in practice, do not give an average sample of the steam which 
flows by them. 

If a nozzle closed at the inner end, and perforated with a 


- number of small holes in its cylindrical surface, is employed, 


_ the calorimeter will ordinarily indicate too high a percentage of 


ee moisture. For example, a calorimeter attached to a three-inch 
horizontal pipe by means of a horizontal nozzle of half-inch 


_ pipe, having six holes seven-thirty-seconds inch in diameter, 
indicated 6.3 per cent. of moisture when the actual amount was 
2.3 per cent; 14.6 per cent. when the actual was 8.8 per cent. ; 
and 17.8 per cent. when the actual was 10.1 per cent. In these 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical a, and forming part of Volume XVI. of the Trans- 
actions. 
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tests about 1,500 pounds of steam flowed through the pipe per 
hour. 

A calorimeter attached to a vertical nozzle with twelve holes 
seven-thirty-seconds inch in diameter, placed in the same hori- 
zontal pipe, indicated 5.5 per cent. when the true amount was 
2.5 per cent.; 11.1 per cent. when the true amount was 4.7 per 
cent.; and 20.9 per cent. when the true amount was 10.9 per cent. 

A vertical nozzle, containing twelve holes one-eighth inch in 
diameter, also gave too high percentages of moisture. The 
results of the tests are given in detail in Table I. 

These results show that other devices than perforated nozzles 
should be employed to obtain an average sample of steam, 
and tests are in progress to determine the efficiency of an 
arrangement devised by Professor Denton, which consists of 
a tube passing through a stuffing-box, and so arranged that 
it may be moved to any position across the pipe under a full 
head of steam. The tube has an open end, and there are no 
side holes. This arrangement allows determinations to be 
made at all depths. 

Lines 15, 16, and 17 of Table I. give the results obtained with 
a special form of nozzle, in which a slot was cut about one- 
quarter inch wide and one inch long. This slot was placed so 
as to be at the centre of the three-inch pipe. When the slot 
was turned so that the current of steam struck directly against 
it the percentage of moisture indicated by the calorimeter was 
less than the true amount, and when turned so that it was away 
from the current the percentage of moisture was greater than 
the true amount. When placed at right angles to the current, 
an intermediate result was obtained, which was greater than 
the true amount of moisture. These experiments tend to show 
that the water which strikes a nozzle clings to it and passes 
around it so as to be drawn inward by the currents of steam 
entering the apertures. 

The true percentage of moisture was determined as follows: 
A known weight of water at a temperature of about 65° Fahr. 
was injected into a three-inch pipe, and travelled along with 
the steam for a distance of about eight feet into a three-inch 
Stratton separator. After leaving the separator the steam 
passed through a three-inch horizontal nipple six inches long 
into a twelve-inch drum four feet long. A valve between the 
nipple and twelve-inch drum was used to throttle the steam so 
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as to obtain the desired rate of flow and maintain a pressure in 
the twelve-inch drum equal to about that of the atmosphere. 
The steam flowed from the twelve-inch drum through a system 
of piping into a surface condenser, and was finally weighed. 
The calorimeter nozzle was tapped into the three-inch nipple 
between the throttling valve and the separator at a distance of 
about three inches from the separator. The steam was turned 
at right angles in passing from the separator to the outlet 
pipe, so that the experiments correspond to placing calo- 
rimeters in a horizontal pipe near an elbow. The drip pipe 
of the separator was closed, and the water rose to such a 
height in the separator that it mingled with the steam pass- 
ing from the same. This arrangement was adopted in order 
to obtain a thorough mixture of the steam and water. At 
first a baffle-plate device was contemplated, but on further 
consideration the separator was used as an equivalent. That 
there was a fairly uniform mixture is confirmed by the fact 
that the horizontal nozzle gave about the same results as a 
vertical nozzle. 

A constant amount of moisture was maintained by taking 
weighings of the condensed steam and water every five minutes, 
and regulating the flow of water to a uniform rate. A continu- 
ous record was preserved, and only that portion where uniform 
conditions were maintained was employed in calculating the 
final results. The average length of such selected intervals was 
about twenty-five minutes, so that five readings of weights were 
used in calculating the results of each test. The readings of 
temperatures were made every two and one-half minutes. 

The height of water in the separator was observed and found 
to remain at a constant figure for a given set of conditions. A 
few of the tests were also jextended over several hours, and no 
practical variation was detected. 

In all the tests the steam was allowed to flow through the 
apparatus for some time before taking the readings. 

Tests Nos. 7 and 8 are exceptions to the others. In these 
the calorimeter was attached to the three-inch pipe leading to 
the separator, and within about one foot of the same. The 
results shown by the calorimeter in these tests are very high, 
54.6 per cent. being indicated when the true amount was 21.0 
per cent., and 50.8 per cent. when the true amount is 17.6 per 
cent. These results were probably caused by water running 
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along the bottom of the pipe, which splashed upward into the 
lower holes of the nozzle. 

The nozzles were all of half-inch pipe, and were of the follow: 
ing forms: 

Nozzle No. 1 contained twelve holes, seven-thirty-seconds of 
an inch in diameter, drilled along four equidistant lines par- 
allel to the centre line of the pipe. The centres of the four 
holes nearest to the outlet were about three-quarters of an inch 
from the inner surface of the three-inch pipe when the nozzle 
was screwed into place. The holes drilled along each line were 
about three-quarters of an inch apart. 

Nozzle No. 2 was of the same form as No. 1, except that the 
holes were one-eighth inch in diameter, and the holes nearest 
the outlet were within three-eighths of an inch of the inner sur- 
face of the pipe when the nozzle was screwed into position. 

Nozzle No. 3 contained six holes seven-thirty-seconds of an 
inch in diameter, drilled along two lines parallel to the centre 
of the pipe and opposite each other. When in position the 
plane in which the holes were drilled was horizontal. The 
holes nearest the outlet were within three-quarters of an inch of 
the inner surface of the pipe. The holes were three-quarters of 
an inch from each other, as in nozzles Nos. 1 and 2. 

Nozzle No.4 has already been described in connection with 
the tests made with it. . 

The nozzles were made with long threads, so that all the por- 
tion projecting into the three-inch steam pipe was threaded, 
All were closed at their inner ends. at 

To measure the amount of superheat in the steam the ther- 
mometer was placed in a special form of mercury well, having a 
bulb at its lower extremity, and provided with a very thin neck 
leading from this bulb to the outside of the pipe. The large 
bulb, combined with the thin neck, overcomes the error intro- 
duced by conduction of the pipe to the well, which, in a well of 
a three-eighths-of-an-inch pipe four inches long, amounts to 
about four degrees Fahr. This large error occurs only in the 
_ case of superheated steam. 

To obtain the value of one degree of superheat measured in 
this way in heating the injected water, including all radiation 
effects, the following method was employed: The entire amount 
of steam flowing through the three-inch pipe was throttled after 
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passing by the calorimeter nozzle, and the temperature of 


the steam at low pressure was measured after it entered the 


twelve-inch drum. The temperature of the superheated steam 
was measured before and after throttling, no water being in- 
jected. The temperature before throttling was measured in a 
six-inch drum placed just before the point where the water was 
injected in the regular tests, so that the entire effect of radiation 
was included. All portions of the apparatus were well covered 
with hair felt. This method of allowing for the initial super- 
heating of the steam was checked up to the limit of moisture 
that could be indicated by superheating in the twelve-inch drum, 
and was found to agree within one-fifth of one per cent. 

Whenever the amount of moisture was low enough to cause the 
steam in the twelve-inch drum to be superheated, the percentages 
obtained by weighing, given in Table I, were checked by the — 
percentages obtained by calculation from the superheat. 

The basis of pressure was a plug device, which was loaded 
with weights so as to correspond to the required pressures. The 
plug was one-half inch in diameter, and the hole in the bushing 
into which it fitted was 0.5005 inch. Both the plug and the 
bushing were ground true, and were the work of the Pratt & 
Whitney Company. The readings obtained with this plug were 
checked by the square-inch knife-edge piece device of the Ash- 
croft Company, and by a mercury column. 

To standardize the thermometers, they were placed in the 
mercury wells in which they were used, or in similar ones, and 
subjected to a known pressure of saturated steam. The correc- 
tions were made by employing Regnault’s values for the tempera- — 
ture of saturated steam, so that the final readings correspond to 
the temperatures by an air thermometer. In general, if the en- 
tire column of mercury in the thermometer is heated, the reading 
indicated by the same will be too high ; whereas, if a large portion 
of the column of mercury contained in the stem is not heated, 
the reading will be too low. 

The radiation of the Barrus calorimeter was determined by — 
passing superheated steam through it. The separator portion 


was filled with water to a given height in the glass, and the tem- ae 


perature of the superheated steam was adjusted so that the water 
level remained constant in the glass. If the water increased in © 
height, the temperature of the entering steam was increased so as 
to reévaporate some of the water; and if it fell too low, the tem- 
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perature of the steam was decreased. The tests were extended 
over several hours. An average of the loss of superheat repre- 
sents the losses by radiation. To determine the radiation of the 
heat gauge portion, the orifice was removed, and superheated 
steam was passed through the apparatus at the same rate as if 
the orifice had been present. In this ona: the loss of enon . 
also represents the loss by radiation. — 


bly TABLE I. don 


COMPARISON OF ACTUAL PERCENTAGES OF MoIsTURE wiTH AMOUNTS INDI- 
CATED BY A THROTTLING CALORIMETER; STEAM PASSING THROUGH A 
THREE-INCH HORIZONTAL PIPE WITH A VELOCITY OF ABOUT FORTY-FIVE 
FEET PER SECOND. 


S| @ 8 ‘ 
1 2 3 4 5 6 7 
(16a | 80 | 5.5) 2.5 
4 Vertical nozzle No. 1 with 12 holes in. at 
ta 1788 | 80 20.9 | 10.9 
2003 | 80 | 81.8 | 19.1 
6 2381 | 80 47.9 | 36.5 Cees | 
Vertical nozzle No. 2 with 12 holes in. | | 78:5 | 54.6*| 2110 
at 2044 78.9 | 50.8*] 17.6 of cal- 
9) 80 2.8! orimeter and 
Horizontal nozzle No. 3 with 6 holes Jy in. a 
} 1687 | 80 17.8 | 10.1 
13! 1745 | 80 | 87.4 | 23.0 > 
14} (2187 | 80 | 46.9 | 37.2 
15 Nozzle No. 4 Slot away from current....... 1577 | 80 56.6) 1.0 ¢ 
16 1576 | 80 0.1) 1.4 
18 1, 5 
19| Horizontal nozzle No. 8, with 6 holes Jy in. |} 1815 | 80 1.5| |Onl gauge 
20 diameter.t 1818 | 80 | 2.2] 1.0] 
21 | 18390 | 80 | 3.6| 1.6 


* In these tests the calorimeter was attached to the horizontal pipe entering the separator, and 


: the conditions were such that it is probable that moisture ran along the bottom of the pipe and 


entered the lower holes of the nozzle. 

+ The results of these tests were added to the paper and presented at the time of the meeting. 
In these tests the true percentages of moisture given in Column 6 were calculated from the super- 
heating of the steam in the 12-inch drum, which was shown to give the same results as those 
obtained by weighing the water injected. 
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It was ‘difficult to ascertain the average temperature of the 
superheated steam entering the apparatus, as has been previously 
explained, and this, together with the fact that the effect of radia- 
tion should be considered, led to experiments to determine the 
total heat of the superheated steam at the initial pressure for 
various readings of the thermometers which registered the super- 
heating in the six-inch drum marked B in Fig. 143. The total heat 
of the superheated steam at entrance was taken as the total heat 
of saturated steam at the observed pressure, plus some factor cor- 
responding to the specific heat of steam, multiplied by the degrees 
of superheating registered by the thermometers, and this factor 
was deduced from the experiments. 

Let p, and p, be the pressure in the six-inch drum marked B in 
Fig. 143, and in the twelve-inch drum marked J, into which the 
steam passed after being throttled by the valve M; ¢, and 4, the 
temperatures of saturated steam at the above pressures ; S, and S,, 
the temperature of the superheated steam; H/, and ZZ,, the total 
heats of saturated steam; 7, the heat lost by radiation of each 
pound of steam in passing through the apparatus; and X, the heat 
factor, as above explained. We then have, 


Hf, + 0.48 + R= H+ X(S,— 4) . 
_ H, + 0.48 (S, —4)- M+ 

If the heat lost. by radiation is deducted from the total heat of 
the steam passing the six-inch drum, we may then obtain a factor 
X"', which, on being used in the right-hand member of equation 
(1), will give the total heat in one pound of the steam when it 


leaves the separator, provided that no water is injected into the _ 
pipe. This factor is, therefore, 


H, + 0.48 — Hy. 


The data and calculated values of X' are given in Table I. 4 


X'= 


In each test uniform conditions were maintained, and acontinu- 


ous record was taken for from two to three hours. Only the last 
portion of the records was used in obtaining the average data 
given in the tables, as it was found that considerable time elapsed 
before the effect of radiation and conduction became. constant. 
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TABLE I. 


Determination of heat factor X', by which the degrees of superheating, as 
registered by thermometers placed in the steam entering the apparatus, must be 
multiplied in order to obtain a quantity which, if added to the total heat of 
saturated steam, will give the total heat of the superheated steam on leaving the 
separator, marked X in Fig. 143. This factor includes the effect of radiation, so 
that it varies with the amount of steam flowing through the apparatus. The 
readings of the thermometers are all corrected so as to correspond to tempera- 

_tares registered by an air thermometer. 


Heat factor, X!, corresponding 
to of thermometers 
in 6-inch drum, and including 
radiation. 


Pressure in Ibs. 
per squareinch 
above atmos- 


to pressure, in de- 


grees Fahr. 


grees Fabr. in B. T. U. 


tered by thermometers. 
steam above zero. De- 


Degrees Fahr. 


heated steam as 


in 
Total heat of saturated 


Number of test. 
Temperature correspond- 
Temperature of super- 


Initial. 


Weight of steam in Ibs. per 
hour 


Hy + 0.48 (Sq — 
0.409 
0.452 
0.445 
0.468 
323. 0.457 
1212.6 1179.6 0.464 


So | | 


> 


80 
80 
80 
80 
80 
80 


The universally accepted figure for the specific heat of steam is 
0.48, which is derived from Regnault’s experiments. In these 
experiments the range of temperature was from about 260 degrees 
Fahr. to 430 degrees Fahr. In tests with throttling calorimeters 
it is necessary to know the total heat of superheated steam at 
atmospheric pressure. This is usually taken as the total heat of 
saturated steam at atmospheric pressure, plus the degrees of super- 
heating, times 0.48. This may not be precisely so, as it has not 
_ been shown that the factor of 0.48 applies over the range from 
the temperature of saturation, or 212 degrees Fahr., to the lowest 
temperature of Regnault’s experiments, or 260 degrees Fahr. 

In Regnault’s experiments on the specific heat of steam he 
determined the total heats of superheated steam at two different 
temperatures, and divided the difference of the total heats by the 
difference of temperature in order to obtain the specific heat. 

The average results of the experiments are given in Table II. 
Table III. contains a comparison of the total heats of superheated 
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steam at atmospheric pressure, as indicated by the experimenis, 
with the total heat calculated by employing the factor of 0.48. 


TABLE II. 
REGNAULT’S EXPERIMENTS TO DETERMINE THE SPECIFIC HEAT OF STEAM. 


HEATING. 


Tests wiTH LowEst 
AMOUNTS OF SUPER- 


TEsTs WITH GREATEST 
Amounts OF SUPER- 
HEATING. 


Number of series. 
ber of tests in 
series. 
erheated steam, 
degrees Fahr. 


Temperature of su- 
In 


ber of tests in 
series, 


82 degrees Fahr. 


Total heat in B. T. 
Ib., above 


rheated steam, 


| Temperature of su 
fn degrees Fahr. 


U. per above 


82 degre Fahr. 


Total heat in B. T. 


Col. 6 


perature, 


in d 


Difference of tem 


per lb. in B. T. U. Col. 
Col. 4. 


Difference of total heats 


Specific heat of steam. 
ai Cal. 9 + Col. 8. 


| 


10 


co | 


1166.27 
1184.45 
1162.39 
1161.79 


a mo | | Nom 


448 .00 
438 .55 
410.79 
420.85 


1253.54 
1260.77 
1286 .92 
1242.32 


186.14 
158.64 
155.08 
167.90 


87.27 
76.32 
74.54 
80.53 
Average 


0.4688 
0.4811 
0.4808 
0 4796 
0.4776 


Nore.—Regnault remarks that if we neglect the first series, which is 
others, the average is 0. 


Total heat in B. 


32 degrees Fahr. 


4805. 


T. U., above 


TABLE III. 
COMPARISON OF THE TOTAL HEATS OF SUPERHEATED STEAM AS DETERMINED 
BY REGNAULT'’S EXPERIMENTS WITH VALUES OBTAINED BY EMPLOYING 
THE EQUATION : 


not as reliable as the 


t = 1146.6 + 0.48 x degrees of superheating. 


witH LOWEST AMOUNTS OF 
SUPERHEATING. 


SuPERHEATING. 


TE8Ts WITH GREATEST AMOUNTS OF 


degrees Falir. 


Total heat in B. T. U., above 82 


Number of series. 
degrees Fahr. 


ment. 


Temperature in 


By experi- | Calculated. 


Total —_ in B. T. U., above 32 


Temperature in 
degrees Fahr. 


By experi- 


ment. 


egrees Fahr. 


Calculated. 


| 


+ 4.2 
— 5.2 
+ 6.2 
+ 4.5 


448.00 
438 .55 


410.79 
420.85 


—— 
| 
— 
— 
7 8 
— 2 279.91 
8 | 10) 255.76 
4 | 252.95 
<a 
Dit | | 
1170.5 1253.5 1259.9 
1260.8 | 1255.8 | —5.5 
1167.6 | 1986.9 | 1242.0 | 4+5.1 | 
1161.6 1166.3 | | 
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A graphical representation of the results of Regnault’s experi- 
ments is shown in Fig. 166. The average results of each series of 
tests are indicated by dots enclosed in circles. The crosses repre- 
sent the six tests which form the second series. An examination 
of Fig. 166, together with the figures given in Table III., shows 
_ that the results for the total heats vary among themselves, the 
results for the second series of tests being above the theoretical 
value in which the specific heat is taken as 0.48, and the remain- 


der below this value. Aba to. © 
ane it 


& 
3 
a 
3 
4 


Temperature in degrees Fahrenheit 
Fie. 166. 


As Regnault remarks that the first series of tests are not as 
reliable as the others, we will consider only the data furnished by 
the remaining series. 

In Fig. 166 it may be observed that the six separate experiments 
of the second series, which are indicated by the crosses, are all 
about the same distance above the line found by employing the 
factor of 0.48, thus showing that the experiments agree well 
among themselves, and that the difference between this series and 
the third and fourth is not due to an accidental variation. The 
third and fourth series of tests were made with a larger calorime- 
ter than was used in the second series, and it may be that the 
discrepancies in the total heats arise from some slight error in 
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estimating the constants for the apparatus. Should there be such 
an error, it would affect the value determined for the specific heat 
but little, if at all, for the specific heat is calculated by taking 


the difference of the total heats, and a constant error in the total _ 


amounts would not affect the result. As the average of the two 
results, one for the calorimeter used in the second series of tests, 
and the other for the larger calorimeter used in the third and 
fourth series of tests, nearly agree with the total heat calculated 
by employing the factor of 0.48, we have adopted this factor 
in our work. 

We have made a number of experiments to show how nearly 
the above factor is correct as applied to calorimeters of the throt- 
tling principle, by starting with steam in a state of rest, or with 
moving steam just at the point of superheating, and passing it 
through a Barrus calorimeter. If the initial state of the steam is 
the same as the saturated steam of Regnault’s experiments, and 
the factor of 0.48 is correct, then the temperature of the steam 
after throttling, or the normal reading, should be that obtained by 
Normal reading = Te 


In the first series of experiments, the calorimeter was attached 


to a vertical nozzle, with no side holes, in the same position _ 


in which it is shown in Fig. 143. This vertical nozzle drew 
the steam from the centre of the three-inch pipe. It was found 
that, with no other steam flowing through the pipe than that 
which passed into the calorimeter, the temperature of the steam 
leaving the calorimeter, corrected for radiation, with an initial 
steam pressure of 80 pounds, was 283 degrees Fahr. When the 
valve M was opened so as to allow the steam to pass the calo- 
rimeter nozzle at a considerable velocity, highér normal readings 
were obtained than for steam in a state of rest, provided the 
steam was initially superheated, and was brought down to a state 
of saturation by injecting water into it. In such tests the excess 
of water was drawn out by the separator A, and the steam which 
passed into the calorimeter was drawn from the steam after this 
excess of moisture was removed. In these tests the temperature 
of the steam in the three-inch pipe was measured near the calo- 
rimeter nozzle by means of a thermometer, the bare bulb of which 
came in direct contact with the steam, and by means of a ther- 
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mometer placed in a mercury well having a thin neck, as 
described in the paper. 

With the above arrangement it was impossible, however, to bring 
the steam in the three-inch pipe just up to the point of superheat- 
ing, and hold it at this point long enough to obtain reliable read- 
ings. ‘The apparatus shown in Fig. 167 was therefore constructed. 

uted? doni-oauls 


ad trod 


Fie. 167. 


In this apparatus the steam was admitted at A, and flowed into 
the horizontal pipe, B, where it was superheated by means of the 
gas burners, Z. The temperature of the superheated steam was 
measured at C. A small stream of water was allowed to flow 
over the pipe / in some of the tests, so as to produce any desired 
degree of wetness in the steam. The wet steam was passed upward 
through the vertical pipe, ), which contained an auger-shaped 
piece which tended to thoroughly mix the water with the steam. 
The steam leaving D was passed through a smaller pipe into the 
lower part of the vertical pipe, Z, which contained a long mercury 
well for measuring the temperature. The steam then passed into 
the side of the three-inch pipe, P, which was placed at an angle 
of about 30 degrees, so that any moisture deposited in the 
pipe ran downward and was drawn out at the drip, 7. The press- 
ure was measured by means of the gauge, H. The thermometer 
at F’' was placed in a mercury well having a thin neck, and that 
at G passed through a stuffing-box so that its bulb came in direct 
contact with the steam. The calorimeter nozzle had no side holes, 
and projected upward into the three-inch pipe so as to draw steam 
from the centre of the same. J isa valve that was opened in 
some experiments where the steam was made to flow past the 
calorimeter nozzle. 
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All parts of the apparatus, except the horizontal pipe, 1/, and 
the superheating pipe, B, were thoroughly covered with felting to 
diminish the radiation. With this apparatus the steam could be 
brought just to the point of superheating, and could be maintained 
in this condition for a considerable period of time; and it 
was found that the normal reading of the calorimeter for steam 
in this condition was 286 degrees Fahr. The minimum normal 
reading was 283 degrees Fahr., which agreed with the experi- 
ments already described, where the calorimeter was attached to a 
horizontal three-inch pipe. The theoretical normal reading for an 
exit pressure corresponding to a temperature of 213 degrees 
Fahr., which was the temperature indicated by the Barrus calo- 
rimeter with saturated steam at exit, was 283.5 degrees Fahr. ; so 
that, starting with steam in a state of rest, the normal reading for 
steam which is slowly condensing is the same as the theoretical 
normal reading employing the factor of 0.48. 

With steam initially just at the point of superheating, a slightly 
lower value of the factor for the specific heat should be employed, 
to make the theoretical normal reading conform with that ob- 
tained by experiment. We cannot, however, say which of the 
above states of steam, or if either of the above states, are the same 
as in the steam used in Regnault’s experiments. 

The method adopted by Mr. Barrus to determine the normal 
reading is to obtain the indications of the calorimeter when sup- _ 
plied with steam from the pipe to which it is connected, when the 
latter is open to the boilers, and there is no flow of steam through 
it, so that the pipe contains what Mr. Barrus calls “ dead steam.” * 
Our tests at 80 pounds pressure show, as we have already stated, 
that results obtained in this way agree with the theoretical nor- 
mal readings, provided the sample is taken from a horizontal pipe | 
by means of a vertical nozzle with no side holes. In the case of 
a nozzle with side holes, placed in a vertical pipe, however, we 
have not been able to obtain correct normal readings, apparently 
because of water which trickled down the side of the pipe and 
entered the nozzle. 


METHOD OF COMPUTING THE TRUE PERCENTAGE OF MOISTURE IN THE 
STEAM FLOWING THROUGH THE THREE-INCH HORIZONTAL PIPE. 


The method which has already been described consisted in de- 
termining the percentage of moisture in the mixture of steam and 


Boiler Tests, by Geo. H. Barrus,p. 259 
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the known weight of injected water. The data and calculations 


in detail for test No. 9 of Table I. are as follows: 


1. Duration of selected interval for which the average data is obtained, 

. Steam condensed in the condenser R, in pounds per hour 
. Steam passing through orifice of Barrus calorimeter Z, in pounds per 


. Water drawn from separator of Barrus calorimeter, in pounds per hour 
. Total steam and entrained water leaving the separator K, in pounds 

per hour = line 2 + line 8 + line 4= 
. Water injected at P, in pounds per hour = 
. Temperature of water injected at F, in degrees Fahr. = ?¢’........ wea 
. Pressure of steam at J, in pounds per square inch above atmosphere. 
. Sensible heat of steam corresponding to pressure at J, in B.'l'. U.=h.. 
. Temperature of steam corresponding to pressure at J, in degrees Fabr. 


12. Temperature of superheated steam before injecting water, as registered 


by the thermometer D, iu degrees Fahr. = ¢’” 
18. Weight of the injected water w that was evaporated into steam on 
ae va mingling with the superheated steam, in pounds,* 


rin 0.470" — t")(W — —w (h— 
L 


15. True percentage of moisture in steam on reaching the Barrus calo- 
rimeter at Z = line 14 x 100+ line §............. . 
16. Water entering the twelve-inch drum JN, in pouhds = line 14 — line 4 
17. True percentage of moisture in steam in twelve-inch drum = line 16 
x 100 + line 2...... 


CALCULATION OF PERCENTAGE OF MOISTURE INDICATED BY THE BARRUS 


CALORIMETER. 


. Weight of water drawn from separator per hour, in pounds......... 

. Weight of steam flowing through orifice, in pounds per hour........ 

. Temperature after throttling, in degrees Fahr 

. Correction for radiation of heat gauge, in degrees Fahr 

. Correction for radiation of separator, in degrees Fahr 

. Correction for radiation of horizontal half-inch pipe leading from nipple 
to separator, in degrees Fabr 

. Temperature of steam after throttling, corrected for radiation of heat 
gauge, in degrees Fahr 

. Percentage of moisture in steam leaving separator.......... eveeeebs 


4.10 


* In the tests in which there was a high percentage of moisture the injected 
water condensed a portion of the steam instead of being partly evaporated. The 


factor of 0.47 is obtained from the experiments given in Table I. 


58 | 
5 
¢ 0.0 
:'10 
11. Latent heat of steam corresponding to pressure at J, in degrees Fabr. ee 
885.7 
14, Total weight of water in the mixture of steam and water = line 6 — line 
at 
Z 
1.9 
x 
4 
‘ 
2838 


462 TESTS FOR ACCURACY OF SMALL THROTTLING CALORIMETERS, 


9. Percentage of moisture removed by the separator of the Barrus calo- 
rimeter = line 1 x 100+ (line 1 + line 2).............ccce-cceee 6.6 

19. Correction for radiation of separator and half-inch pipe in per cent. 
__ 5.0 x 0,48 x 100 

11. Percentage of moisture indicated by Barrus calorimeter = line 9 — line 


DETERMINATION OF THE PERCENTAGE OF MOISTURE INDICATED BY THE SUPER- 
HEATING OBSERVED IN THE TWELVE-INCH DRUM MARKED JV IN Fia. 143. 


. Pressure of steam before throttling, in pounds per square inch above 
atmosphere = 
. Pressure of steam after throttling, in pounds per square inch above 
atmosphere = po. 0.9 
. Sensible heat corresponding to pressure p, = Ay.......... $26.9 
. Latent heat corresponding to pressure p, = Ly, 885.7 
. Total heat corresponding to pressure pz = Ho........eeeeeeeeeee eee 1179.5 
. Temperature corresponding to pressure Po = ftg......... 
. Temperature of superheated steam after throttling = S,........ er 
+ 0.48 te) hy 
. Percentage of priming = 100 (1 — line 8)........ 


. Quality of steam = 


SUMMATION FOR THE SINGLE TEST COMPUTED ABOVE. 


1. The steam passing into the Barrus calorimeter contained _ 
6.3 per cent. of moisture, whereas the average percentage con- 
tained in the steam flowing through the three-inch pipe to which 
the calorimeter was attached was 2.3 per cent. ‘S 
2. The percentage of moisture in the steam entering the twelve- _ 
inch drum was 2.2, whereas the percentage calculated from the __ 
amount of superheating was 2.4 per cent. A number of com- _ 
parisons of this kind were made, to check the moisture indicated — 
by the superheating in the twelve-inch drum, and in each case the 
results agreed with each other within an average figure of } of 
1 per cent., the difference being sometimes in one direction and 
sometimes in the other. 


rt DISCUSSION. 


Mr. William Kent.—I would like to ask Professor Jacobus, first, 
whether the differences are due to any action of the nozzle inserted 
into the steam-pipe, or whether they are due to the calorimeter itself, __ 
and if the latter, what is the cause of the error of the calorimeter? __ 
Is it due to imperfect knowledge of the specific heat of superheated _ 
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steam, or is it due to some action of the calorimeter itself? 
We have always supposed that this form of calorimeter was 
perfect, provided we knew the specific heat of superheated 
steam. We have long had the impression, however, that we 
were entirely uncertain as to whether or not we had an aver- 
age sample of steam in the nozzle that took it out of the steam- 
pipe. 

Professor Jacobus.—The error is due to the action of the nozzle, 
which does not supply the calorimeter with an average sample of 
steam. We have checked the throttling principle in the way 
indicated in the paper, which can be explained more readily by 
means of the sketch shown in Fig. 143. Steam entered through 
the 3-inch pipe at A, and passed into the 6-inch drum £, where 
the superheat was measured by means of the thermometers C and 
D. The thermometer C was placed in an ordinary mercury well, 
and the thermometer D in a mercury well having a thin neck and 
a bulb of metal at its lower end, as.explained in the paper. The 
thermometer placed in the well having the bulb at the lowest end 
was found to give a higher reading than one placed in the ordinary 
form of well. From the 6-inch drum ZB the steam passed into the 
horizontal 3-inch pipe #. Water was injected through the nozzle 
F, in which two jets were made to impinge on each other and 
thus produce a fine spray, or through a plate at @ perforated with 
holes one-eighth of an inch in diameter. The temperature of this 
water was measured at W. The temperature of the mixture of 
steam and water was measured at //, the reading in all cases 
being that corresponding to saturated steam at the pressure exist- 
ing in the pipe & The pressure was measured by means of the 
two gauges J and J. The siphon connecting the gauge J with 
the pipe /# was surrounded with water so as to prevent overheat- 
ing. The steam and water passed into the separator A, the drip 
of which was closed so that all the moisture in the steam passed 
through the separator. The Barrus calorimeter Z was placed in 
the 3-inch nipple which formed the outflow of the separator. Jf 
is a valve which was employed to regulate the rate of flow, and 
to throttle the steam so that it was very nearly at atmospheric 
pressure in the 12-inch drum VV. The temperature of the steam 
in the 12-inch drum was measured by means of the thermometers 
O and P, the thermometer O being placed in a mercury well, and 
the thermometer P coming directly in contact with the steam. 
The thermometer Q measured the temperature of the steam 
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g temperature 


superheated steam 


Pipe supplying super- 
heated steam to 


tus, 


f 


Drum for measurin, 


J 


Pump to force injected water 
= 


into the steam 


Drip Valve of Separator closed in 
all the tests mentioned in the paper 
so that the water in the steam over- 


Valve used to throttle pressure 
from 80 pounds to about that 
flowed from the separator, — 


vis. 


was 
P 


pressure 


12 in. Drum in which temperature of 
superheated steam at atmospheric 


Barrels in 
condensed steam 
was weighed 


on Denvving the 12-inch drum. From the 12-inch drum the steam 
entered the condenser #, and the condensed steam was finally 
weighed in the barrels S and 7. The pressure in the 12-inch 
drum was measured by means of a gauge and a mercury manome- 
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ter attached to the pipe UY. V is a valve through which the 
steam could be allowed to escape into the atmosphere. 
The valve Af and the drum constitute a large throttling 
calorimeter, so that if we know the percentage of moisture in the 
steam before passing through the valve J/ we can compare it with 
~~ the value obtained by calculation from the superheating observed 
in the drum J. The true percentage of moisture was calculated 
from the weight and temperature of the water injected at For G, 
together with the superheating of the steam in the drum B, and 
the results by the two methods were found to agree within one- 
fifth of one per cent., as stated in the paper, up to a range nearly 
equal to the maximum capacity of a throttling calorimeter at the 
existing pressures. When the thermometers in the drum V 
registered about 220 degrees a slight drip of water would appear 
at the valve X, thus showing that all the moisture had not been 
evaporated, but up to this limit the percentage of moisture calcu- 
lated from the superheating agreed with that obtained by weigh- 
ing the amount of water injected. 

Mr. Kent.—You used the coefficient of 0.48 for superheat ? 
Professor Jacobus.—Yes; the coefficient of 0.48 was used for 
the specific heat of steam. By the way, this is another point I. 
have worked on. We have to obtain the “normal” reading of 
the calorimeter, or that corresponding to saturated steam, by 
experiment, or use the coefficient of 0.48 for the specific heat of 
steam. The experiments show that, starting with 80 pounds, 
various normal readings can be obtained, depending on the initial 
condition of the steam. If we start with superheated steam at 
80 pounds and inject enough moisture to condense a portion of it, 
and make certain that there is no superheat left in it, then the 
normal reading of the calorimeter at Z, and the normal reading of 
the drum 1/, may be as high as 290 degrees Fahr. if the steam is 
moving through the pipe # with a considerable velocity. With 
steam in a state of rest in the pipe, with the exception of the 
small amount drawn off by the calorimeter, the minimum normal 
reading, corrected for radiation, was 283. The normal reading 
with the steam as dry as possible without superheating was 286 
degrees Fahr. The reading of the lower thermometer of the 
Barrus calorimeter for saturated steam was 213 degrees Fahr.; so 
that the theoretical reading was 2834 degrees Fahr., which about 

agrees with the lowest reading determined by experiment. 
We have used the theoretical normal reading although the tests 


4 
‘ 
> 
We 
+e 
ig 
4 
80 
= 


ae — seem to indicate that dry steam will give a slightly higher figure. 
In the present comparison it makes no practical difference which 
_ one of the above normal readings i is used, because the tests were 
80 conducted that a change in the norinal reading will alter the 
a: ieee of priming determined by weighing and that obtained 
= _ by the Barrus calorimeter in about the same ratio. 
Be Mr. Kent—How do you explain that more water got into the 
ee calorimeter than was contained in the average steam ¢ 
Professor Jacobus.—I will explain that after saying more in re- 
os to the normal reading. It is probable that the variation of 
the normal readings with quiescent steam is due to the presence of 
mist in the steam. As the steam becomes dryer this mist is evapo- 
rated so that when the steam is just at the point of superheating the 
: aa reading is higher than it is for steam which contains mist. 
With steam ina quiescent state in a pipe, and which is undergo- 
_ ing condensation on account of the radiation of the pipe the nor- 
_ mal reading corresponds to that of steam containing the maximum 
ee amount of mist. The entire variation in the normal reading for 
_ quiescent steam, for the pressure at which our experiments were 
r made, was three degrees Fahrenheit. Experiments are still needed 
to show how nearly quiescent steam corresponds to the steam of 
Regnault’s experiments. 
That there may be a difference in the condition of steam at a 
- given temperature and pressure, was appreciated by Professor 
4 a ~ Rankine, who makes the statement that a vapor near the point of 
liquefaction has the power of retaining suspended in it a portion 
of its liquid in a state of cloud or mist. 
Now, with regard to the action which occurs at the nozzle: 
To gain knowledge on this point a nozzle was used which had a 
i a in one side about one-quarter of an inch wide and one inch 
5 ‘Tong. This slot was placed in the middle of tbe pipe. — the 


steam, and the percentage of priming was determined. The noz- 
ai _ ale was next turned so the slot was sidewise, and the percentage 
a of moisture was redetermined. The nozzle was finally turned all 
the way round so that the steam struck the side opposite the noz- 

om ale. In the latter case the percentage of priming as shown by the 
calorimeter was greater than for either of the others, as has been 
~ stated in the paper. This tends to show that the moisture in the 
steam will cling to a nozzle and creep around it so as to be drawn 
alee _ in by the currents of the steam which enter the orifices in its sides. 
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Prof. I. C. Carpenter.—The subject of Professor Jacobus’s paper 
seems to the writer to be confined to that important part of calorim- 
etry which relates. to the selection of a correct sample of steam 
from the main steam-pipe. The experiments seem to have been 
performed, not with a pure throttling calorimeter, but with a com- 
bination of water-separating device and calorimeter. The limits 
of the throttling instrument are much narrower than that of the 
instrument described ; on the other hand, the radiation losses are 
much less, for the reason that the surface exposed is much smaller. 
The paper shows. very large errors, indced, due to the typeof 
calorimeter used, but these are probably in great part due to the 
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ted 


variation in the sample of: steam supplied and are not in any’case 


to be charged to the instrument. The general conclusions which — zt “A ae 


Professor Jacobus draws, I am very happy to find, are quite in — 
accord with the results of some experiments made under my © 
direction and published in Vol. XII. of the Transactions, pages — 

856 to 871, “ Notes Regarding Calorimeters.” The results ofthe 
experiments made at that time, and of a number made since, a i: 
indicate a very great difference in the character of the sample ts | 
depending upon the form and position of the collecting nipple. 2 
At that time an extended series of experiments were made with _ =4 
perforated connecting nipples, and also with adjustable nozzles es pi 
arranged to take samples of steam from various portions of the 
steam-pipe. A considerable difference was found in the results, 


the error being for small percentages of moisture less than defi- — 
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nitely measurable when a collecting nipple was inserted in a ver- 
tical pipe, as shown in the adjacent figure (Fig. 144), with the 
holes about one-quarter of an inch in diameter. Tests were also 
made with adjustable nozzles arranged to take steam from differ- 
ent portions of a horizontal pipe, the results obtained being as 
follows for that case : 


Trne in Error in 
Amount o' ample 
Moisture. Supplied. Sample. Position of Nozzle. 


Per cent. Per cent. Per cent. 


1.56 + 0.15 |Taking steam from top of pipe. 


Taking steam from bottom. 


Facing the current. 


Opposing the current. 


No perforations. Extending two- 
thirds across the pipe. 


145. 


These experiments indicate an extreme variation in quality 
simply due to drawing the steam from various portions of the 
steam-pipe, the error in the sample of steam supplied varying 
from slightly over one per cent. of water in excess, in one case, to 
about one-sixth per cent. deficiency in another. As the per cent. 
in moisture increases, these differences are no doubt increased very 
much. When the steam contains more than about three per cent. 
of moisture, I know from actual observation that the greater 
portion of this moisture exists as water, which, in a horizontal 
pipe, remains near bottom and is not mixed to any appreciable 
extent with the steam. The question then of obtaining a fair 
sample depends upon where you happen to tap this stream. If 
you can glean off the proper weight of water, and the correct. 
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amount of steam, you will have a perfectly fair sample. This is 
a very difficult thing to do, and I do not believe that.any general 
method can be devised that will give a perfectly fair sample for 
all cases. This is certainly true for sample from a horizontal 
pipe, although possibly not from a vertical steam-pipe. 
The experiments which Professor Jacobus has made cover a 
greater range, so far as moisture is concerned, than ever occurs in 
any working plant; consequently, the errors due to imperfect 
_ sampling appear much worse in his investigation than would 
usually be found in practice. It is true that occasionally exces- 
sive amounts of water are thrown over by boilers, but usually the 
amounts run very much less than two per cent. For small 
amounts of moisture in steam, the calorimeter errors, especially 
with the simple throttling instrument, or with the steam-jacketed 
separating instrument, are exceedingly small, and I think that 
we have established the fact that when the per cent. of moisture 
is less than three, the error in obtaining the sample of steam from 
a perforated collecting nipple should never be in excess of one- 
fourth of one per cent. When the amount of water is in excess, 


it then becomes a very different matter indeed. In connection 


with the test of steam separators at Sibley College, in 1891, we 
made an extended investigation on this subject. Without going 
into details, the results of our conclusion were; first, that we 
could not obtain a fair sample of steam from a horizontal pipe 
when there was moisture in excess of three per cent; second, we 
could obtain a sample which was within two or three per cent. of 
the correct amount, by drawing from a vertical pipe shortly be- 
low an elbow. The water and steam impinged in making the 


bend so as to be well mixed, at least for a short distance. 


The experiment presented by Professor Jacobus seems to show 

_ that the sample of steam obtained by the calorimeter is very much 
_ more wet than the average supplied to the condenser. I am un- 
able to tell from the text of his paper whether the results given 
in Table I. were corrected for radiation in the calorimeter. Ifa 
small amount of steam were flowing through the calorimeter, this 
error would be of considerable magnitude, and might account for 
the differences found when the steam was nearly dry. It is, how- 
ever, perfectly possible to obtain steam much dryer than the aver- 
age. Iam of the opinion that in the case of very wet steam the 
chances would be equally good of providing a sample for the cal- 


3 - orimeter which would be too dry. As an illustration, I will cite 
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the results of a single experiment made within the last month in 

a test of a Stratton separator. The apparatus for this test was 

arranged as shown in the accompanying diagram (Fig. 146). The 

main steam pipe (CAG) was arranged so that it could be sur- 

rounded by a jacket at 2 which could be filled at any desired 

height with water, this water being used to condense the steam 

which was supplied to the separator. The steam discharged from 

the separator was condensed 

@ in a surface condenser, X. 

‘The total percentage of water 

was determined by a method 

essentially the same as that 

described by Professor Jaco- 

bus, and is correct within a 

very small percentage of error. 

A calorimeter of the separat- 

ing type, steam-jacketed to prevent loss by radiation, was inserted 

at A in the extreme end of the horizontal pipe, and another one 

exactly the same was attached at B, in a vertical pipe, by a con- 
necting nipple of the form described. 

Throughout all these tests, the steam discharged from the sepa- 
rator was essentially uniform in quality, and containing, in every 
case, less than one per cent. of moisture. The percentage of moist- 
ure indicated by calorimeter A, when less than five per cent., was 
in practical agreement with the true quantity. When the moist- 
ure was in excess of that amount, this calorimeter showed a very 
great excess of the true amount. 

--The calorimeter B, taking a sample from the vertical pipe, 
showed, during the entire series of runs, nearly dry steam, a 
tabulation of the results being as follows : 


No. of Run. ~ Actual Moisture %. Moisture shown by Calorimeter. 


In this case one calorimeter was supplied with a sample of 
steam which was practically dry, while the other one received a 
great excess of water. The experiments made by the writer would 
indicate that in the ordinary location selected for the calorimeter, 
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the actual loss in temperature due to 
radiation, the writer had some experi- 
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the sample of steam is likely to be better, rather than worse, than 
the average, but where the percentages of moisture are large, the 


writer has doubts regarding the possibility of obtaining any , 


samples of steam which would be certain to represent the mean 
condition. 

The errors which are due to the calorimeters themselves, and 
which are independent of the moisture contained in the steam, do 
not seem to have been considered in this case. In the article re- 
ferred to in Vol. XII. are given several experiments showing the 
effect on results of arranging several calorimeters in the same 
manner, and noting the effect of radiation when covered with hair- 
felt or exposed to the air, and when discharging different amounts 
of steam. The results would indicate that where there was as 
much steam flowing as would pass through a nozzle one-eighth of 
an inch in diameter the loss from radiation, clothed or unclothed, 
rarely made one-tenth of one per cent. difference in the result. 

From these experiments the writer concluded it important to 
know the back-pressure in the calorimeter caused by the exhaust 
pipe leading from the calorimeter, as it often influenced the results 
to a great extent. The writer also found that somewhat more 


accurate results were obtained by using in 6 

no insulating device to prevent the 7 a 
flow of heat from the main steam-pipe _ 


through the metallic walls to the calo- ihe | 
rimeter. There is always some loss 

of heat, and this seems to be partly 
compensated for, by using metallic | 


connections. In order to determine 


ments made in which two calorimeters 
taking the same quality of steam were 
directly compared. One calorimeter 
was clothed with a thick covering of en 
hair-felting ; the other was surrounded by an oil bath in the vessel 
CDFE, as shown in Fig. 147. The oil was heated by means of 


steam passing through the coils A and J, until a thermometer 


immersed in the oil indicated a temperature one degree less than 
that in the calorimeter, the oil being maintained at that tempera- 
ture, which was so nearly that inside the calorimeter that sensible 
radiation would be impossible. The result of this experiment 
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indicated a loss from radiation sufficient to reduce the tempera- 
ture in the calorimeter from eight-tenths to one degree. This, in 
any practical use of the instrument, is so small a quantity that 
it can be neglected, especially since it corresponds to only about 
one-twentieth of one per cent. of moisture. The form of the 
calorimeter as now used by the writer is shown in Fig. 148. 
Where the steam contains a large amount of moisture, the 


writer has used for some time a miniature steam separator 
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which is surrounded by a steam-jacket filled with high-pressure 
steam, and is provided with a water-glass and graduated scale to 
read one-hundredths of a pound. The total amount of dry steam 
flowing through the separator is caught in a can partially filled 
with cold water and condensed. The top part of this can carries 
a scale graduated to tenths of a pound for water at 100 degrees 
Cent. From the reading of the two scales can be obtained in 
the one case, the weight of moisture in the steam, and in the other 
the weight of dry steam. Small corrections for change of volume 
with temperature are not of significant value, and can be neglected. 
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This instrument has now been in extensive use for the past three 
years, and we have had an opportunity to compare it with a 
throttling calorimeter a great many times, and when properly 
handled the two instruments have shown in each case results 
Jog iid 


aid 
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Fie. 149. 


which are essentially the same. The form of this instrument is’ 
shown in Fig. 149. 

Professor Jacobus.—I will say that the results were all cor- 
rected for radiation, and the radiation was determined in a careful 
way, as described in the paper, so that the point that Professor 
Carpenter raises about the radiation of the separator, etc., has been 
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covered. The only statement made in the paper is that the tests 
indicate that the various nozzles such as are now used in practice 
do not supply average samples of steam tothe calorimeters. This, 
of course, does not imply that the calorimeter itself is wrong. The 
calorimeter itself is correct, as I have before stated. 

Mr. Kent.—Can you tell us what kind of a nozzle you will use? 

Professor Jacobus.—No, we have been working on this problem, 
but have not found a nozzle that gives correct results under all 
conditions. 

The Chairman.—It seems to me on this calorimeter question 
we have got a first-rate thing to measure with, but we cannot 
get the thing to measure. 

Prof. D. 8. Jacobus.*—Professor Carpenter’s discussion was not 
read in full at the meeting, and as there are several notes I wish 
to make after examining it in detail the following matter is pre- 
sented : 

It appears to me that Professor Carpenter must have made 
many of his tests with a less velocity of flow of steam in the main 
pipe than was the case in my tests. Hestates that if the percentage 
of moisture is less than three per cent. the error in obtaining the 
sample of steam from a perforated collecting-nipple should never 
be in excess of one-quarter of one per cent.; and also remarks that 
his experiments would indicate that in the ordinary method of in- 
serting the nipple for the calorimeter, the sample of steam is likely 
to be better, rather than worse, than the average. In a special 
series of my experiments it was shown that if the velocity was 
decreased to about one-third that which existed in the main steam- 
pipe during the experiments quoted in Table I. of my paper, the 
percentages of priming indicated by the calorimeter were less 
than the true amount. Such low velocities (fifteen feet per 
second), however, seldom occur in practice, and the results were 
therefore not included in the paper. It may, therefore, be possible 
that Professor Carpenter’s conclusion that a sample of steam is 
likely to be “ better rather than worse” applies to slow velocities, 
whereas my experiments show that this is not the case with 
velocities approaching those found in practice (upwards of fifty 
feet per second). 

The experiments, Nos. 18 to 21, Table I., presented at the time 
of the meeting, show that the same percentage of error exists for 
rates of priming below two and a half per cent. as at the. higher 


* Author’s closure, under the Rules. 
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percentage of priming. Professor Carpenter’s conclusion that the 
error for such low rates should not exceed one-quarter of one per 
cent. is, therefore, not true for the conditions of my experiments. 
As very slow velocities tend to produce too low indications of 
moisture for the conditions under which my tests were made, and 
higher ones approaching those employed in practice tend to give 
indications which are too high, there may be a particular velocity 
for a given set of conditions at which a nozzle will give results 
which are nearly correct, and Professor Carpenter’s tests may 
have been made with such a velocity. 

In Professor Carpenter’s tests with different forms of nozzles, 
presented in Vol. XII., the velocity is not stated, and from the 
arrangement shown in the sketch of his apparatus it appears that 
the discharge of steam from the three-inch main horizontal pipe 
was simply that of adrip valve. The velocity of thesteam passing 
by the calorimeter nozzles may, therefore, have been comparatively 
slow. If the velocity had approached that existing in ordinary 
practice, the results for the various nozzles might disagree to a 
greater extent among themselves than is indicated by his tests. 

From the sketch given by Professor Carpenter, showing the 
arrangement of a Stratton separator for testing, it does not appear 
_ that he determined the true percentages of moisture by methods 

- entirely independent of calorimeter measurements; whereas, with 
the arrangement shown in Fig. 143, no calorimeter measurements 
were employed to obtain the true percentages. 

In our experiments the steam was superheated on arriving at 
the drum B, Fig. 143; and the heat units per pound of steam 
corresponding to a given amount of superheat, as registered by 
_ the thermometers D and C, were determined by preliminary ex- 
_ periments. In these no water was injected into the steam-pipe, 
and the entire volume of superheated steam passing through the 
apparatus was then throttled and its temperature after throttling 

- measured in the twelve-inch drum J. 

From the results the effect of radiation was determined, so that 
coefficients were deduced representing the calorific equivalent of 
each degree of superheat as measured by the thermometers at B less 
loss by radiation. For the higher rates of flow the coefficient was 
found to be 0.47, and for the lower rates 0.45. These figures are 
equivalent to the specific heat of the steam less the radiation effect 
of the apparatus, but are not exact physical quantities, because the 
temperature indicated by the thermometers employed to measure 
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the superheat of the steam may not have given the correct average 
for all the steam passing through the drum in which they were 
placed. The drum itself was much cooler than the superheated 
steam near its centre, for with superheating to the extent of ten to 
fifteen degrees at the centre, water could be drained from the drip 
valve Y. It was the great difficulty of estimating the correct 
degree of superheating of the entering steam, that led to the tests 
to determine the coefficients given above, 

At first it was thought that a portion of the discrepancy found 
in the tests with the small calorimeter might be due to the cooling 
effect of the low-pressure steam which came in contact with one 
side of the valve M/, and which might tend to cool the main pipe 
into which the calorimeter was inserted at Z. Such, however, was 
not the case, as a thermometer placed in a short well in the pipe 
directly over the calorimeter nozzle gave the same indications as a 
thermometer placed at 7. The fact that the results given by the 
small calorimeter, and by the temperature in the twelve-inch drum, — 
tend to approach each other for dry steam, also shows that the 
pipe into which the calorimeter nozzle was inserted could not have 
cooled to any great extent. Again, in the tests at low velocities 
of steam the readings given by the small calorimeter were less 
than should have been, which is in the reverse direction to the 
action that should take place if the pipe was cooled by conduction 
of heat to the valve U/. 

As I have been requested to present my methods in greater 
detail'the appendix has been added to the paper since the meet- 
ing, showing how the above coefficients were calculated, together: 
with the data and calculations for one of the t tests. 
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ON THE THEORY OF THE MOMENT OF INERTIA. 


It may be wondered what can be said on this topic which 
shall be new or worth while. But a well-known writer on ap- 
plied mechanics has this to say in formulating a definition of 
force: ‘‘ Nevertheless, it is a fact in mechanics, as well as in 
those sciences which attempt to deal with the facts and laws of 
nature, that correct definitions are only gradually developed, 
and that, starting with very imperfect and often erroneous views 
of natural laws and phenomena, it is only after these errors have 
been ascertained and corrected by a long range of observation 
and experiment, and an increased range of knowledge has been 
acquired, that exactness and perspicuity can be obtained in the 
definitions.” Again, another said in substance some years ago, 
to a class of engineering students: “I give my students six 
months to understand the moment of inertia ; but if the meaning 
is not grasped in that time the case is hopeless.” These two 
statements exhibit the reason and the motive for this paper. 

It seems that Christian Huygens, the Dutch natural philos- 
opher (1629-1695), first isolated the expression, =mr’, in effect- 
ing a solution of the problem of determining the centre of oscil- 
lation of a compound pendulum. He employed it, however, 
without any particular designation, and it remained for Euler, 
the Swiss mathematician (1707-1783), to christen it “ moment 
of inertia.” It thus originated and was used purely as a mathe- 
matical expression ; but the necessity does not arise for tracing 
its course through the writings of these and other founders of 
the science of mechanics. The present understanding of the 
term will be shown by quoting the definitions as given by the 
abler recent writers on mechanics : 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the Jrane- 
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WelsBacu.—The force of and the energy stored by a body 
in rotation depends principally upon the sum of the products 
mre + mr? + mgr; +.... of the different elements m,, m., etc., of 
_ the mass, and of the squares of the distances 7,,7,, etc., from 


the axis of revolution. This sum is called the moment of inertia, 


and we will hereafter denote it by mr’ or w. 

RankinE.—The moment of inertia of an indefinitely small body, 
or “ physical point,” relatively to a given axis, is the product of 
the mass of the body, or of some quantity proportional to the 
mass, such as the weight, into the square of its perpendicular 
distance from the axis. The moment of inertia of a system of 
physical points, relatively to a given axis, is the sum of the 
moments of inertia of the several points, that is, J= =m”. 

Woop.—The moment of inertia of a body is the sum of the 
products obtained by multiplying each element of the body by 
the square of its distance from an axis. 

Lanza.—The moment of inertia of a body about a given axis is 
the limit of the sum of the products of the weight of each of the 
elementary particles that make up the body, by the squares of 
their distances from the given axis. 

CuuncH.—This summation /2*dF of the products arising from 
multiplying each elementary area of the. figure by the square 
of its distance from an axis is called the moment of inertia of the 
plane figure with respect to the axis in question; its symbol will 
be J. 

The original conception of the term, moment of inertia, has 
apparently come down to us without material change. There 
is evidence, however, of dissatisfaction among the writers above 
as to the fitness of the term; thus, “it appears that some other 
term might be more appropriate,” and again, “for want of a 
better the name is still retained.” And yet it seems possible to 
invest the term with a meaning—not foreign, but native. To do 
this it will be necessary to begin by considering briefly the ideas 
conveyed by some of the fundamental terms. 

Proceeding from the standpoint of the physicist, we may 
define mass as the absolute measure of quantity of matter, as 
opposed to weight, which merely measures the local attraction 
of gravity. The international unit of mass is the kilogram, 
which is the mass of a certain cylinder of platiniridium intended 
to represent the mass of a thousand cubic centimeters of water at 
its temperature of maximum density, 3.93 degrees C. There is 
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i 3 of matter enabling it to resist a tendency to change its condi- 


4 Since we cannot measure a force directly, it is necessary to 
measure it by its effects. Let the unit be that force which, act- 


balance, is nevertheless a definite quantity of matter, which will 


form of matter anywhere. 
_ Suppose, for the sake of uniformity of units in mechanics, that 
we adopt the so-called absolute method of measurement, as 


: _ follow the lead of the physicists. 
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also the British imperial pound, the mass of a certain platinum 
weight intended to be so constructed as to equal 7,000 Troy 
grains. Two units of length are chiefly in use, the international 
meter, which is the distance at the melting-point of ice between 
the centres of two lines engraved upon the polished surface 
of a platiniridium bar, supposed to represent the zy.5¢5,597 Of 
a quadrant of a terrestrial meridian ; and the British imperial 
yard, which is the distance at 62 degrees Fahr. between the 
centres of two lines engraved on gold plugs inserted in a bronze 
bar. The universal unit of time, which also need not be defined, 
is the second, the 33,45 part of the mean solar day. 

Before going farther it should be observed that these standards 
are, in fact, arbitrary, simply prototypes. Thus, if an attempt 
were made to reproduce the meter by measurement of the 
meridian, the result, in all probability, would be a standard 
differing slightly in length from the present meter, for it is 
known not to represent correctly the assumed natural standard. 
However, any one of them, so far as we know, may serve any- 
where in the universe as an absolute standard of measurement. 
The standard pound, although changing in weight from equator 
to pole, or from planet to planet, if weighed by the spring 


in the lever balance equilibrate an equal amount of any other 


opposed to the gravitational, which depends upon a varying 
attraction. In a question of measurement it will be safe to 


To resume the concepts in mechanics, inertia is the property 


tion of rest or motion. Force is “an action between two bodies, 
either causing or tending to cause change in their relative rest 
or motion.” It may be expressed as a pull or push in pounds. 


ing for one second on the unit of mass, the standard pound, 
imparts to it a velocity of one foot per second. In illustration 
of the magnitude of-this unit, the attraction of gravity would in 
the same time impart to the unit of mass a velocity of g feet per 
second. It must, therefore, equal g units of force, and hence 
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this unit is equivalent to the pressure or pull of + pounds, or 
one half-ounce nearly. The unit thus defined corresponds to 
the dyne of the metric system, “ which, acting for a second on a 


gram, generates a velocity of a centimeter per second.” 


Both 


of these units make mass, not force, the arbitrary variable. 
That is appropriate, since force seems not to exist apart from 


the medium of matter. 


Again, to impart unit velocity to w pounds will require a pull 


of 3 = m units of force. 


Mass, therefore, in the dynamic sense, 


is a measure of the pull or push in pounds required to impart 
unit velocity in one second to a body of w pounds. Further, to 
impart to this body a velocity of v feet per second would require 


a pull or push of %-v= mv pounds. 


Momentum, then, is a 


measure of the force required to impart to w pounds a velocity _ 
of v feet per second in unit time. ; 
Force, briefly, is an action between two bodies, and inertia is 


a resistance to change. 


acts as a resisting force. 


Again, a moving body coming to rest under the action of a = 
constant force passes over a space equal to one-half its initial 


A moving body imparting motion toa 
body at rest plays the part of an acting force, while the inertia __ 

Momentum and inertia, then, are as 
action to reaction, and mutually convertible. 


Moreover, inertia 
is not a fixed quantity, but varies with the acting force. 


velocity. Then the work done on it by the retarding force= 
force x space = mv x $v = } mv’, the expression for the kinetic | 


energy of the moving body measured in foot-pounds. 
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The moment of a force, P, acting as in Fig. 150, at the end of 
a lever arm, 7, is measured by the product, Pr, and it may be 
replaced by a force, P' = Pr = mv-r, at unit distance from the 


centre or fulcrum, o. 


And according as the unit selected is an 


inch or a foot, the value of P’ will be expressed as inch-pounds or — 
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foobspnindie Now the work which the force P will do is deter- 
mined by the space over which it passes while overcoming 
resistance ; and likewise the work which the moving body w will 
do in coming to rest in one second will be mv-}v = mwr-3 «er 
=4mo*r*, Or, since the acting force, momentum, is equal to 
_ the resisting force, inertia, we may say that the moment of inertia 
of the body, w, is equivalent to a force, mv, acting at a given 
distance, 7, from a centre, 0. The attention should here be 
called to the fact that w and v are considered to be imparted or 
in one 


The centre of gravity of such a body, as shown in Fig. 151, is 
the point at which we may place a force equal to its weight, and 
equilibrate the moments about o of the weights of all the 
particles composing the body. If we let G be the distance from 
the axis o to the centre of gravity, the expression for its value 
will be 


dm [ ¢(@)de 
in all cases where thé magnitude of the differential element is a 
function of the distance from the axis, or origin of moments. 
If we consider the forces due to accelerating the differential 
elements to an angular velocity, w, each of which is 


dp = = dm- wr, 


there will be found in this case a point of application of a 
force, P = fdm:+v, which will equilibrate the moments of inertia 
of all the differential elements. Assuming the forces producing 
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acceleration to act normally to a radius, the total accelerating 
force will be 


P = |dm-v = | dm- cow = w | 6 (2) 
iti 
where the differential element is a function of the radius,z. If 


(x) 
we multiply the equation G = -“{—_——— by », and then clear 
of fractions, we shall have Doyouash 

| (0) de = = | (@) = P, 


By comparing the first and third members of this salle 
we see that the total accelerating force is equal to the mass x velocity 
of centre of gravity, or, in general, 


P= maeG = 
_ The moment of each differential force will be ry 
= = = ww) 


[= c= (x) da- x” = total moment of inertia. 


The point of application of the resultant or equilibrating tig 
will be 


ari J= p= ii Po! aire alt 
[ dm: | (a) 
0 


distance from axis to centre of percussion. Or, putting the last 
equation in another form, in which 7= PJ, we see that the 
moment of inertia of a body is measured by the product of a 
force equal to the sum of all the accelerating forces by the 
radius of gyration, or distance from the axis to the resultant of 
the accelerating forces ; and that, consequently, the moment of 
inertia may be expressed as other moments, in equivalent foot 
or inch pounds. Further, if at the distance J from the axis a 
force P be placed, it will accelerate the body in the same way as 
the existing forces. And if the body be conceived as replaced 
by the accelerating forces, the moment of inertia, J, will repre- 
sent a force which, placed at unit distance from the axis, will 
produce the same turning effort as the existing forces. = 
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If more than one body revolve about the same axis, the total 
accelerating force will be P,.=P,+ P,+. . . . Pp, and 
the total moment of inertia =/J,+Lh+. . . I, Henee, 
J, = Proceeding in this way we may also show that 
the moment of inertia about parallel axes, one of which is a 
axis, will be of 

= 1, + omd = moGJ + mad = wom (GJS +P), 


in which I, is about the gravity axis and d is the distance 
between axes ; and that the so-called polar moment of inertia 
is I, = I, + I,, as usual. 

Since [= PJ, it follows that the work done on the body in 
creating an angular velocity, w, is = force x space = P-$ vu; = 
Hence, if = kinetic energy, 


we shall have for any rotating body Apnberaucr dgwes 


It will probably be sufficient to show the nanlioaiian of the 
foregoing principles to select two cases which may be consid- 
ered typical of the usual problems in moment of inertia. Assume, 


= WW VES 


as indicated in Fig. 152, a thin rectangle rotating about an axis, 
o,at one end. Let 6 = width, ¢ = thickness, and 6 = mass per 
unit volume. Then, 
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It will be seen that as the differential accelerating force, 


dm-v = dm-ca, varies directly as the distance from the axis, the _ 3 


value found for J puts it at the centre of gravity of the acceler- 
ating forces. It is, also, the centre of percussion for the body 
assumed. It may be of interest here, also, to point out the fact 
that J is independent of the velocity of rotation ; and, further, 
to compare the usual expression for moment of inertia with 
that proposed, that is, 


20 I= moGJ = mk’, from which k = / 


It we make w = 1, then k = V GJ, in other words, for an angu- 
lar velocity of unity the so-called radius of gyration, /, is a mean. 
proportional between the centres of gravity and percussion. 
The value, k, is sometimes said to be the distance from the axis 
to the point at which, if all the mass were concentrated, the mo- 
ment of inertia would be the same. That is true here for w = 1. 
But suppose we assume values of first greater, then less, than 
unity. We shall have 


VG foro =L 
= =4 
= 10/ GJ, for w = 100 


=o, for w = 


for 
= 4V GU, for @ 
It would seem from this that angular velocity is not negligible 
in determining the moment of inertia. However. if we wish to 
find the distance from the axis at which to place the mass m for 


an equivalent moment, we may put SAP 


from which r == ¥GJ. This will always hold true for equal 
masses and velocities. 
If we resume here the expression for kinetic energy of the 
rotating body, we find it tis 
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_ inwhich & is a mean proportional between the centres of gravity 
and percussion, and », is the velocity of a point at the distance 
_ k from the axis. The difference between the moment of inertia 
of a rotating body and its kinetic energy should now be evident. 
For the second case, assume a thin, circular plate of radius 
3 ?», and thickness ¢, to revolve about its axis, 0, as indicated in 
‘Fig. 153. Then we shall have Data. 
tain. edi ai seerte 


dp = dm-v = dtadxdé-ca, 
and P= [am-v = sto d0.a'dx = my 


{ha sentrg 
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The value of J found in this case recalls the statement that 
“no centre of percussion exists when the axis traverses the _ 
centre of gravity of the body.” The apparent contradiction may 
be explained by substituting for the single force P, in Fig. 151, 
the couple PP’ in Fig. 153. In neither case will there be a 
shock on the axis, which is the essential feature of the centre 
of percussion. 

It is customary to employ the expression for the moment of 
inertia in all cases where the term mk’ occurs. The foregoing 
analysis is intended to show its meaning and limitations where _ 
mass and velocity are concerned. But there isa large classof _ 
computations of the highest importance in which the moment _ 
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of inertia is employed, although mass and velocity do not enter 
in any form. If a horizontal beam resting on end supports be 
loaded centrally, uniformly or in any other manner, the load will 
be supported by stresses in tension and compression set up in 
the material of the beam. These stresses are assumed to vary 
directly as the distance from what is known as the neutral axis, 
and within the elastic limit this is probably true. If we let s be 
the stress in the outer fibres of a beam, as in Fig. 154, then at 


Hab mat 


the distance x from the axis oo’ the stress per square inch will be 


= The load supported by an element at distance x from the | 4 


is will be 


and F = = = stress on each side of axis, or 

one-half the total stress in the beam. And since there is an 
equal and opposite stress set up at an equal distance, x, beyond 


the axis, we shall have as the moment of the couple d/, df’, 


pb 
and k= = xv'dx-dy = sba’ = total moment of resistance. 
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Now, the total stress on either side of the axis may be replaced 
by the resultant forces forming the couple FF’, whose arm may 
be found by dividing the total moment by the total stress on 
one side of the axis, that is, 
aoule 
which puts the points of application of the resultant forces 
at two-thirds the distance from the axis to either side for this 
particular case. A comparison of this result with the moment 
of inertia for a thin rectangle about a gravity axis will show 
that stress replaces mass and velocity ; and also that the centre 
_ of stress, S, coincides with the centre of percussion, /. In gen- 
stress in outer fibres 


momentum of outer masses is. 


§ = and J = thas th 


- From which it appears that both S and Jare located at the 
centres of gravity of stresses or accelerating forces ; and, since 
these stresses and forces are assumed to vary directly as the 
distance from the axis, these centres of gravity must coincide, 
_ that is, S and J are equal for like conditions. 
The fundamental difference between these two moments thus 
appears to be that I depends upon mass and velocity, while R de- 
pends upon stress alone, produced by forces directly applied and not 
producing motion. 

A probably correct idea of the use actually made of the mo- 
ment of inertia, J = mk’, may be obtained from works on applied 
mechanics, which are, of course, intended for the use of engineers. 
_ Thus, Professors Lanza and Church offer, as a general form of 

in which p is the stress in the extreme fibres and ¢ the distance 


from neutral axis to those fibres. Now, if we make c. = 1, that 
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is, if the stress one inch from the neutral axis is one pound per 
square inch, then we shall have 1/ = I= mk’, or the moment of 
flexure will be numerically equal to the moment of inertia. The 
latter moment holds true, it will be remembered, when the 
velocity of a point at one foot from the axis is one foot per 
second. 

Again, Professors Reuleaux and Unwin give, in their section 
tables for various forms of beams, besides the usual values for /, 
values for a “section modulus,” which in general formis 

tg 


where y = ¢ is the distance from neutral axis to the extreme fibre. 
This differs from the general form of the moment of flexure by 
making the stress, 7, equal to unity in the extreme fibre instead 
of at one inch from the axis.. Thus, in the case of a rectangular 
ata the section modulus is 


which is equal to the moment of resistance, 2, found above with 
s, the stress in extreme fibre, equal to unity. 

And in a Pocket Companion, issued by Carnegie, Phipps 
& Co., as edited by C. L. Strobel, C. E., for the use of engi- 
neers, architects, and builders, we find the expression for the 


where the quantities have the same meaning as in the section 
modulus above. 

There may be a fancied convenience in rane the moment of 
inertia indifferently for cases involving momentum alone or for 
stress alone, but it is not evident, and it certainly does not lessen 
the labor of those whose business is to teach the true meaning 
and correct application of these principles. The moment of 
inertia applies to solid bodies revolving with a known velocity 
about an axis which in practice is fixed mechanically, while the 
moment of resistance applies to plane sections of beams support- 
ing aload. The incongruity of applying the moment of inertia 
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to the case, for instance, of the top chord of a truss bridge, where 
velocity is certainly not desired, will be seen at once Even in 
tabulating values of J and & it would probably be found equally 
convenient to list each value complete in itself, the I’s with the 
factor of velocity and the R’s with the factor of stress. Since 
the distance from the axis to the centre of percussion is found 
to be the same as the distance to the centre of stress, the 
expressions for 8 and J would coincide in form. The question 
will not be followed in all its ramifications, as enough has now 
been developed to show the main points at issue. 

It may be useful by way of illustration to apply these princi- 
ples, in so far as they contain new features, to familiar subjects. 
Take first the case of the connecting-rod for an 8 by 24 Corliss 
engine, running at 102 revolutions per minute, or 1.7 revolutions 
per second. The weight of the rod is 71 pounds, and its mass is 
2.2. The length between centres is six feet, and, being symmetri- 
cal, its centre of gravity is three feet from centre of wrist-pin, or 
G = 3 feet. Now, to find / we may use the fact that the centres 
of percussion and oscillation coincide, and further, that the length 
of a simple pendulum vibrating in the same time as a given com- 
pound pendulum is determined by the formula 


Then, by making / = 1, we have at once 
J = 3.26?. 


The time of the rod for 200 vibrations, when swinging about a 
knife edge at-the centre of wrist-pin, is 3 minutes 48 seconds, or 
t= 1.14 seconds. Hence 


x1 =4% 


The linear velocity of the crank-pin for this case will be 
= 22n = 2 x 3.1416 x 1.7 = 10.68 feet per second. Then the 
angular velocity of the rod about the wrist-pin will be 10.63 + 6 
= 1.78 feet per secoid. Hence we shall have 


MoG pounds, 
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Also, [= PJ = 11.75 x 4.24 = 49.81 pounds, 


at one foot from the wrist-pin. Finally we shall have, for the 
kinetic energy, 


EL=4@I = 89 x 49.81 = 41.33 foot-pounds. 


In this way the quantities /, P, J, and EZ may be determined for 
any revolving body for which m, G, and ¢ may be found experi- 
mentally. 

A second illustration may be taken from the fly-wheel of an 
engine in such a way as to exhibit both the moments of inertia 
and resistance. If the resultant momentum of hub, arms, and 
rim be determined, its measure will be a force, P, acting usually 
very near the outer end of the arm. Since the magnitude of this 
force depends upon the change in velocity of the wheel, it fol. 
lows that it may vary from nothing for uniform rotation to some- — 


thing enormous if the wheel were suddenly stopped. Now, the _ 


arm of the fly-wheel is in the condition of a beam fixed at each 
end, the support at one end being liable to displacement at right 
angles to the axis of the beam. Thus, in Fig. 155, the arm under 
stress tends to leave the original position and form, and to take __ 
that indicated by the dotted lines. The inertia of the wheel sup- __ 
plies a force, P, acting at or near the outer endof the arm, which 
is transmitted through the arm, to be opposed finally by the tor- 
sion couple 7'7" in the shaft. 

Assuming the origin at 0, we shall have, for any section at 
distance «x from 0, 


and 


To determine m,, make x = / in equation (2), obtaining 


from which m, = 3Pl. Substituting this in equation (1), we 
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If we put equation (3)=o0, we obtain x = 4/ as the point in 
the arm at which there is no bending moment and at which 
the curvature of the arm reverses. The greatest values of the 
bending moment will be obtained for z=o0 and x=1, for 
which equation (3) becomes 


dy 

-4Pl=—4PI, Tio 

and = Pl—;Pl= "te 
This result must be interpreted to mean that m,, the moment 
at the outer end of the arm, is equal to m,, at the inner end, but 
opposite. If the outer end of the arm were free, we should have 


dy 
m,=o,and EI 73 = Px = PI, for « =, or double the existing 


moment at the inner end of the arm. 
Opposed to the bending moment of the force P, the mo- 
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ment of inertia of the wheel is the moment of resistance of the 
arm. The most common section of fly-wheel arm is an ellipse 
with the long axis in the plane of the arm. Proceeding as with 
_ Fig. 154, we may obtain for the moment of resistance of the 


ellipse about the short axis 


- in which s is the stress in extreme a, a the aioe and 
_bthe semi-minor axis. Equating the greatest bending moment 
— to the moment of resistance of the arm, 


Pl a 
from which s = aba OF mab = —s enabling calculation to be 


made for stress at the weakest section, or of the necessary area 

_of arm for any given conditions. The points at which an arm 
would break under sudden stoppage of the wheel would be the 
forward side at the rim, and the after side at the hub. The 
stresses thus produced may be illustrated by a homely experi- 
ment familiar to farmers. Grasp a long, slender corncob firmly 
at each end. The cob will break in three pieces if one hand is 
moved at right angles to the cob while the parts within the 
hands remain parallel. And the fractures will begin on op- 
posite sides of the cob, near the hands. 

Now it so happens that among the numerous fly-wheel acci- 
dents reported in engineering periodicals during the last two or 
three years is one which took place under the condition of sud- 
den stoppage assumed in the foregoing analysis. This accident 
occurred at the works of the American Straw Board Company, 
of Tiffin, Ohio, during the past winter. The engine was a 24 by 
42 Harris-Corliss, running a nine-ton fly-wheel at 72 revolutions 
per minute. While running at normal speed the follower plate 
of the piston broke in two, one half turning sidewise in the 
cylinder and stopping the piston short at about twelve inches 
from the end of the stroke. The fly-wheel collapsed ; every arm 
was broken off close to the hub and close to the vim. Further, the 
whole wreck fell into the wheel-pit, with the exception of one 
of the four pieces into which the rim parted, showing that cen- 
trifugal force had little to do with the failure of the wheel. The 
cylinder and valve-gear were uninjured, and there was no loss 
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The notion of treating the subject in this manner was pro- 
voked by the remark quoted in the opening paragraph, which 
indirectly expressed the difficulty of imparting to students a 
clear understanding of this difficult question. The development 
has been guided more or less by accepted ideas and forms. 
__‘The effort has been made, and with some success, to invest that 
e “barren ideality,” the moment of inertia, with a distinct and 

physical meaning, so that it may be kept where it belongs. 
_ _Experience as astudent and as a teacher in engineering leads 
to the conviction that the method thus outlined will enable 

the student to comprehend and the engineer to employ with 
greater facility the inertia of matter and the phenomena de- 
pending upon it. Provided no flaw in theory is found, these 
moments of inertia and of resistance, each with its own mean- 
ing and application, should win their way into common use. 


<n) 


Prof. Hutton:—Mr. A. K. Mansfield, member of this 
Society, has called the speaker’s attention to a short paper of his, 
written in 1875, and published on page 161 of Volume LXX. of 
The Journal of the Franklin Institute, in the issue of September 
of that year. 

_ Mr. Mansfield states that so far as he knows this was the first 
correct solution of the strains in the arms of a fly-wheel under 
the conditions assumed, and the references in the last part of Mr. 
Kerr’s paper have induced him to call the attention of those 
interested to this early study of the subject. 

In my opinion, to quote from discussion held while this paper 
was under consideration, it is not true, as is stated on the 4th page 
of the paper, on the 19th line, that momentum and inertia, in the 
usually accepted senses, are mutually convertible, except in the 
special case where certain values attach to each. It is calculated 
to mislead when inertia, in the same paragraph, is stated not to be 
-afixed quantity. Itis fixed fora given mass and a given velocity, 
and while the intensity of an impulse is measured both by the 
mass and the velocity, this is true only of an impulse, and not for 
a force acting through any measurable time. 

Furthermore, it would appear that the term “moment of 
inertia” has been used as synonymous with the expression “ the 
moment of the inertia,” to which it can only be equal, as before, 
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under certain special assumptions. The statement criticised 
appears at the top of the 7th page of the paper. 

Prof. De Volson Wood.—I think the definition given by the 
author on the 6th, 8th, and 9th pages of his paper, is not the 
recognized moment of inertia. On the top of his 6th page he 
has written dp = dmv, in which he uses v not as acceleration but 
as general velocity. As a result, he finds that Z depends upon 
angular velocity, when in fact it does not. 

If I correctly understand the drift of this paper, its aim is not 
to substitute a new term for an old idea, but to give a physical 
conception to an old term. The term originally referred to 
“mass,” but by an extension of the definition it is made to 
include weight, lines, surfaces, and volumes, so that one may now 
with propriety speak of the moment of inertia of a circle, of a 
square, etc. Recognizing this fact, I made a definition which 
would include all such as has been quoted by the author among 
his standard definitions. Rankine’s definition admits of the 
same extension. 

The expression is not in the form of a “static moment,” inas- 
much as it involves the square of an arm instead of the first 
power, and the propriety of retaining the term “inertia” is 
questioned by some; but the term “ moment of inertia” is in the 
literature of the science and is likely to remain, so that it is a 
proper subject for discussion. 

The expression arises in the solution of certain problems involv- 
ing rotation. If F be the resultant of the forces producing rota- 
tion, and a its arm in reference to the axis of rotation, then it is 
found that 


where 6 is the valle. sos described by any arm 7. The term 
Smr* is not a force, neither does it involve any element of 
force, neither is ita mass. Any attempt to substitute for it any 
magnitude which obscures the “product of an element into the 
square of an arm” is liable to mislead ; and yet such a magnitude 
may be substituted, and I cannot say that it does not satisfy some 
students better than the use of the fundamental expression. 
Thus, let J be a mass concentrated at distance unity from the 
axis, and of such magnitude that 
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then the “ moment of inertia ” equals numerically a mass whieh, 
if concentrated at a unit’s distance from the axis, all the circum- — 
stances of rotary motion will be the same as for the distributed — 
mass. 
The numerical equivalent is not the thing itself. Thus, to illus. 
trate, momentum is Jv ; it is not a force, nor, generally, the meas- 
ure of a force, for we have, when the force is constant, 7#= Mv, 
and if ¢=1, then Y= Mv; that is, if the momentum My be 
produced by a constant force acting for one second, the momen- __ 
tum equals, nwmerically, the force producing it. 

The length of a cylinder may equal, numerically, that of a — 
pocket rule, but the cylinder is not a pocket rule. a 

Prof. Gaetano Lanza.—That moment of inertia, according to = 
the generally accepted definitions, is merely a name fora mathe 
matical expression, is true, but I fail to see any good reason for 
attempting to endow it with a physical meaning, as Professor Kerr 
proposes. 

His principal argument seems to be that such achange would 
result in greater clearness of conception on the part of the stu- 
dent ; but my own experience as a teacher is that the best way to 
make the matter plain to the student is to adhere strictly to the 
definition which makes it a purely mathematical expression, and _ 
to remove from his mind, as quickly as possible, and as effectually _ 
as possible, any desires he may have to find for it a physical _ 
meaning (desires frequently found in the case of beginners). 

Of course, there are a great many physical quantities, such as 
angular momentum, actual energy of revolving bodies, and many _ 
others, which require the moment of inertia in their expression, __ 
but this is no reason for employing any one of them to furnish @ 
a definition ; but, as it seems to me, a good reason for adbering — : 
to the present custom. ae 

Prof. J. B. Johnson.—I am not in sympathy with the object 
+ the author of this paper in trying to give to the expression — 

“moment of inertia,” as used in statics and for surfaces, a logical — 

significance. This term originated as the name of a common > 
mathematical expression in the laws of dynamics. When used oe 
in statics, it has an altogether different meaning, and a different — S 3 
term should therefore be used. Custom has prescribed, however, — adh 
that the same term shall be used, and we must make the best of Ate 
it. Thus, in the sense in which it is used in dynamics, any one © 
of the five definitions given by the author of this paper would : 
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seem to be satisfactory. Here the differential quantity is mass, __ 
and the summation is found for a series of products, one of which 

is an elementary mass or volume, and the other the square of its 
distance from the given axis. 

When used in statics, however, we have neither volume nor 
mass under consideration, but simply an area, over which a 
uniformly varying stress is supposed to act. In this case the 
“moment of inertia” may.be defined as the moment of a uni- 
 formly varying stress about that awis at which this stress 7s zero. 
Here the differential quantity is an area, and the summation is 
found for the products of these elementary areas into the squares 
of their distances from the given axis. It is quite evident that 
while this algebraic expression is of the same form as that for the 
moment of inertia in dynamics ; yet since in one case the differen- 
tial quantity is either volume or mass, and in the other case it is 
always area, it is evident that the sum of the products is a very 
different kind of quantity in statics from what it is in dynamics. 
The reason why the same term is used is because of the similarity 
of the algebraic form of expression. It is entirely illogical and 
unreasonable, therefore, to try to give to the term “ moment of 
inertia,” as used in statics as the moment of a uniformly varying 
stress, a meaning similar or analogous to that which it has in 
dynamics, where the term inertia has some real significance. 

I think therefore that in teaching this subject the methods _ 
commonly employed in the text-books in dynamics are satisfactory, 
but that when this term comes to be used in statics, and in 
problems of stress over a surface, the student should be given to 
understand that the term is used here from a similarity of alge- 
braic form simply, and that there is no analogy between the 
meaning of the expression “moment of inertia” as used in statics 
with that which it has when used in dynamics. When used in 
statics, therefore, the “moment of inertia” is simply a term or 
name which has been given to a certain algebraic form of expres- 
sion, and can have no logical significance. whatever. I believe 
all attempts to give to this expression a logical meaning, when 
used in statics, lead only to confusion, and that it should never be 
attempted. Let it be understood, once for all, that it has no 
meaning in the sense in which the word inertia is used elsewhere. 

If this is plainly stated, to begin with, then I do not see why 
any student should find it more difficult to call this algebraic 
expression by that name than he would in calling it by any 
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other arbitrary name, the etymology of which he may not 
know. 

Prof. A. J. Du Bois.—I should first criticise the author’s use 
of “velocity” where he should use “acceleration.” Thus, page 
480, middle: “to ¢mpart unit velocity to” should read “ to impart 
unit acceleration to.” I should further say “to impart unit 
acceleration to w pounds will require a force of w units of foree, 
which is the same as the attraction of the earth for a mass of ¥ 
pounds.” 

Again: “ mass in the dynamic sense is a measure of the pull or 
push, in pounds, required to impart unit velocity in one second ” 
should read, “an increase of velocity of one unit im one second,” 
i. é., “ to impart unit acceleration.” 

Again: “Further, to impart to this body a velocity of w feet 
per second would require a pull or push of mv pounds” should 
read, “a change of velocity of v feet per second in a second,” i. ¢., 
an acceleration of say f feet per second per second. In other words 


Force = mass x acceleration 
F=wf, 

t 
and not /’ = mv, as you take it throughout. Momentum is a meas- 
ure of force only when v is numerically equal to the acceleration. 
Velocity is feet per second. Acceleration is feet per second per 
second. The two are distinct, and should have different symbols. 
(2) Inertia is a property of matter, like color or hardness, v7z., 
the property of inertness, that is, incapacity of self-motion. To 
speak of a “ force of inertia,” or.a force of inertness, is as though 
you were to speak of a force of color or hardness. Force causes 
change of motion (acceleration). That which cannot cause change 
of motion is not a force. How can inertness cause anything? 
“Resisting force” is simply one side of the mutual action and 
reaction between two bodies. The significance of “ moment of 
inertia ” lies in the fact that Euler used “ inertia” as synonymous 


with force. But we do not. Hence the term has no longer the 


Pr = mv-r. 


You cannot put P=mv. You can write P=™ or P= m/f. 
Force is not equal to mass x velocity, but mass x time rate of 
change of velocity, acceleration, 
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hie All these remarks hold for angular pene @, page 482, 
You cannot write 


@ is radius per second and a@ is feet per second. You should 


write 


alatiog 
where a is angular acceleration, or radius per second per second. 

(3) In mechanics J is always taken as mr". 

It is a well-known principle that for rotation Ja = moment of 
P or PJ, where a is angular acceleration (not w). Hence, if J is 
lever arm of P, we have Ja = PJ. Now you write J= P/, 
that is, you do not take J = =mr’, but you take 7 = a=mr’, or, 
as you erroneously write it, @ instead of a. This is the same as 
I= =Pr, since ra = f,and mra=mf= P. In other words, 
you implicitly assume for your, J the old value of old J x a. 
That is, you express in your definition of your J, the old principle 
fa = nothing more. 

If I denote your moment of inertia by 7, and old moment of 
inertia by J, then 


Ma, 0908 joal ytivole 


that is all I can see to your paper. els Sint Veh 


Now, what is gained? Your? can only ‘be determined by first 
finding old J, and then multiply by a When you do this you 
have PJ in both cases. 

Of course, it is self-evident that when a = 1 radius per second 
per second, your 7 will be numerically equal to old J. When a is 
not unity, your z is old Ja. 

Mr. Gus C. Henning.—This paper is avowedly written to clear 
up any uncertainty about the correct definition and idea of the 
“moment of inertia.” 

As all the definitions given clearly state, the “idea of moment 
of inertia” relates purely to mass, and the distance from an axis 
to which this mass is referred, but in no case to the “ force ” or 
“resistance ” with which this mass acts. Nor does the element 
of time come into consideration, and much less the “ velocity per 
second ” or per “unit of time.” The “moment of inertia” is an 
abstraction relating to static mass, never to dynamic forces, and 
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the formule relating to the former cannot and must not be applied 
as relating to the latter. Now, instead of adhering to these defi- 
nitions and considerations, the author forthwith drops these rela- 
tions of the “ moment of inertia ” and mass and distance, and pro- 
ceeds to discuss “ inertia ” (page 479), and deduces the formula for 
force which is necessary to resist it, taking the case of rotary 
- motion, page 480; then, by obtaining the moment of this force 
about the centre of motion, obtains 


in r= im 


and baptizes this new conception “ moment of inertia.” The first 
conception and the last are totally separate, and similarity of 


 formulse is accidental. 


The idea of “moment of inertia” is the instantaneous effect 
_ which any mass would have if collected at a unit distance from 
an axis about which motion would take place ¢f equilibrium were 
- destroyed. The idea is not based on “ the fact that w and v are 
considered to be imparted or destroyed in one second,” it is entirely 
independent of @ and v, motion or velocity, or of time (page 5). 

According to this new conception of J,a body moving in a 
straight line would have an infinite “ moment of inertia,” because 
it would be 

V? = mor } wr = § mo’?’, 


in which r becomes © or = $m@* o* or infinity, because a body 


- moving in a straight line is moving about an axis whose distance 


is infinity, while we know that its work done is equal to }mv’, 


and that it would require that resistance to bring the body to 


rest (overcome its inertia). It is unfortunate that the author 
- should so radically confound the “momentum (if this term is 
permissible) of inertia,’ with the well-known term “moment of 
inertia.” His proposition to call the “moment of inertia” “ mo- 
ment of resistance” will lead to further confusion, because this, 
commonly denoted by /2, is quite a different conception, univer- 
sally accepted. On page 481 the author refers to “the acting 
force, momentum, is equal to the resisting force, inertia.” 

In this, again, he forgets that “ momentum ” is not a force, any 
more than “inertia.” It seems to me that when an attempt is 
made to elucidate a mathematical conception, nothing is of 
_ greater importance than to give a clear and concise perception of 

the terms involved, and use them accordingly ; this the author 
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has most strikingly failed to do, and his discussion must: leave 
philosophers and students more bewildered than ever. 

Prof. C. V. Kerr.*—The unanimity with which Professors 
Wood, Lanza, Du Bois, and Johnson object to the views proposed 


in this paper will be likely to discourage future effort in that di- — 


rection. Still, if the discussion at present leads to clearer views, 
whether they be new or old, some good will be done. I feel con- 
strained, however, to lessen somewhat the force of their remarks 
by calling attention to the fact that all of them are committed to 
certain views or conceptions, not only by long years of teaching, 
but by their published writings. It is not to be expected that 
new views will be readily adopted, even should they prove fault- 


less. The intent of the paper is not so much a contribution to — 


theoretical as to applied mechanics ; and, as such, with the argu- 

ments for and against, it is submitted to the body of engineers. 
The extension of the term, mr’, has been carried in a recent 

work on graphical statics even farther than as stated by Professor 


Wood ; so far, indeed, as to speak of the “ moment of inertia of a | = 


force ;” but the writer offers an explanation for so doing, very 
much in the nature of an apology. I agree with Professor Wood 
that the term mr’ is not a force or a mass, neither is it in the 
form of a static moment. And since I have used both w and » 
as velocity gained or lost per second, a common definition of 
acceleration, I can substitute w for Hy - which represents angular 


acceleration, in his equation 


and substantially agree with him again. Since mass and velocity 
are independent variables, I have simply used @ as the integral of _ 


dE My differential element is a force of magnitudes, dm- wa, at 


the end of an arm, a, and the integral is a force P at the end of 


the arm J; or it is equivalent to a force PJ = J at unit distance. 


Hence, Professor Wood offers an illustration inconsistent with my 
theory, in the equation, /. J? = Smr*. So far as momentum is 
concerned, he has stated elsewhere that “the momentum im- 
pressed each instant is a measure of the moving force.” Here 


* Author’s closure, under the > Rules. 


= 
— 
a 
ay 
| 
t 
° 


the only difference between us is that, for convenience, I have 
used the second as the unit instead of an dnstant. 
Some of the master-minds in our profession may revel in 
abstract thought, and may be able to accept and use the “ moment 
of inertia” as a purely mathematical expression; but I am led to 
believe that the majority of engineers, not to speak of beginners, 
_ whether engaged in the design of a machine or in the calculation 
of stresses in a truss, will proceed more safely and rapidly if they 
ean employ the constructive imagination to guide them. And 
whenever we can give to the terms in mechanics a physical mean- 
ing we facilitate their use. I understand that Professor Lanza 
himself has publicly protested against the practice of the rule-of- 
thumb engineer who uses formulas that he cannot derive and 
does not understand. If Professor Lanza has done so, I hold him 
in still higher esteem. 
Professor Johnson is entirely right in contending that the ex- 
pression “ moment of inertia” is out of place in statics, and that 
a different term should be used. That I would supply by “ mo- 
ment of resistance, /2.” But he has apparently overlooked that 
suggestion in my paper. THe should replace “ moment of inertia ” 
by “moment of resistance,” and then define it as “ the moment 
of a uniformly varying stress about that axis at which this stress 
is zero.” I would further point out the fact that, in developing 
the difference between these two moments, I have used for the 
one a differential quantity depending upon momentum, and for 
the other a quantity depending upon the load supported. Natu- 
rally, then, the integrals show that the moment of inertia, appli- 
cable to problems in dynamics, depends upon mass and velocity, 
while the moment of resistance, applicable to problems in statics, 
depends upon stress. I am therefore free from the charge of 
being “ illogical and unreasonable ” in trying to give to the “ mo- 
ment of inertia ” as used in statics a meaning similar to what it 
has in dynamics. In his Modern Framed Structures, Professor 
Johnson offers as the “moment of resistance” of a rectangular 
beam the term, 4/b/*, which corresponds exactly to the value, 
} sba*, found in my paper for the same type of beam. So I am 
inclined to think that if my object had been more fully under- 
stood he would have been more nearly in sympathy with me. 
The objections offered by Professor Du Bois seem to rest mainly 
upon a matter of taste. He insists upon putting acceleration in a 
general form. I have not thought that necessary to the present 
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purpose, and have distinctly stated “ that wand v are considered 
to be imparted or destroyed in one second.” In that sense they 
stand for a uniform acceleration. Idesiretodevelopasimpleand _ 
practical method of dealing with problems involving inertia, and 
not to exhibit all possible phases of motion. Let me illustrate: 
suppose a body of « pounds to be moving at a given instant in a 
given direction with a velocity of v feet per second. It matters not 


whether the body has been moving uniformly or with a positive © - 


or negative acceleration. If a force be required to stop it in one 
second from that particular instant, the magnitude is fixed by the 
product 2-v = mv. If Professor Du Bois will concede this point, 
the others will follow. Elsewhere he has made this statement : 
“The product mv, or the measure of the momentum of a body 
of mass m, moving with a velocity v, gives then the number of 
pounds constant pressure which will bring the body to rest in one 
second.” And further, ‘‘ Momentum, then, is neither motion nor 
is it quantity of motion.” In answer to his question, “ How can 
inertness cause anything?” I am tempted toask, what will hap- 
pen if znertness in motion comes in contact with inertness at rest ? 


Finally, in saying “Of course it is self-evident that whena=1 


radius per second per second your z will be numerically equal to 
old J,” Professor Du Bois virtually admits a point for which I 
have been contending, that angular velocity does have something 
to do with the moment of inertia. That is not conceded by all 
who have discussed this question. Elsewhere he has also derived 


the moment of inertia as follows, assuming a body to revolve __ 


about an axis: “ Since, now, the velocity at any point is w7, the 
inertia of that point is wmr, where m is the mass of the point in 
question. The moment of this force of inertia will be, then, 
amr x r= cm’. If the angular velocity is unity, 2. ¢., if the 
point at one unit distance has one unit of velocity, then the moment 
of the inertia of the point will be simply m7*. This product is 


called the ‘ moment of inertia’ of the point whose mass is m and Me : 


distance from the axis 7. Zhe moment of inertia, then, is the 
product of the mass into the square of the distance from the amis.” 
But when @ is dropped out our ways part. Linsist notonly upon 
using @ in the demonstration, but in retaining it in the solution — 
of problems in dynamics to which the moment of inertia espe- 
cially applies. Similarly, the factor of stress should be retained in 
applying the moment of resistance to problems in statics. 

The test of usefulness of a method may be found in facility of | 
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| a application and correctness of results. I would, therefore, point, 


first, to the experiment with the Corliss connecting-rod, as showing 
the ease with which the centre of percussion and the moment of 
inertia may be determined for an irregular body. The correctness 
of the value of J has been proved by finding experimentally the 
length of a simple pendulum that would vibrate in the same time 
as the connecting-rod. And, second, to the case of the fly-wheel 
as showing the application of the “moment of inertia” and the 
“moment of resistance,” and especially the difference between 
them. It is thought, also, that the method will be of value in the 
- solution of the shaft governor problem, and in the development 
of a science of graphical dynamics. In fact, some progress has 
already been made. Winsor! “ear 
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PRESENT AND PR OSPECTIVE DE VELOPMEN% T OP 


ELECTRIC TRAMWAYS. 


th Ir seems hardly necessary to review the past development of 
electric tramways ; ; it has been made apparent on every side of 
us, commencing, it may be said, with the introduction of electric 
motors on @ large scale on the roads of Richmond, Va., about 
seven years ago, by the old Sprague Company. This was the 
first commercial undertaking of any size or capacity for the 
operating of a large service of horse railroad with electric 
motors, and the conditions and requirements under which this 
contract was taken were enough to discourage any but the most 
persistent and courageous. Grades of ten and twelve per cent., 
sharp curves, poor track to operate on, and no past experience to 
go by, were some of the difficulties encountered. This road 
developed the system in its main features as it stands to-day, 
two motors being mounted, independent of the car body, on the 
truck, and driving to the axle by gear. With the improvements 
and modifications which seven years have -brought into the 
field, this system stands in the main what Mr. Sprague made it 
at that time. 

The first motors installed on this road were seven and a half 
horse-power each. Later on these were changed to ten-horse- 
power, and a year or two later fifteen-horse-power motors 
became the standard. Then twenty, and now two twenty-five- 
horse-power motors are the standard street railway equipment 
which is generally made. 

Street-railway managers were soon attracted by the results 
there shown, and the next large system to follow Richmond was 
Mr. Whitney’s then new consolidated system in Boston, the West 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the Zrans- 
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End Railroad. There the Thomson-Houston Cilia practi- 
cally had the field for enterprise and experiment, and carried on 
still further the development which had been started at Rich- 
mond, working out still larger problems than had there been 
undertaken. The result is to-day that, outside of a few cable 
roads, there is not a street railway system of any size in the 
country where electric traction has not been or is not being 
now introduced on an extended scale, requiring enormous ad- 
ditional outlay of capital in this installation. There had been 
before the commencement of electric traction a growing demand 
for more rapid transit in large cities, and this had to be met 
in some way. The cable had been introduced in a number of 
cases, but on account of its excessive cost, and special require- 
ments and conditions to make it a success, in addition to the 
necessity of a heavy traffic in order to make it a commercial 
success, its introduction had been limited to a few large cities. 

The advantage of electric traction was that it was equally 
available to the little cross-country horse line or the largest 
system in our large cities, and under the heaviest conditions of 
traffic and service. One of the first results of its introduction 
was the satisfying of the demand for more rapid transit, and the 
large increase in gross and net earnings, and the reduction of 
operating expenses, especially on the question of power. One 
of the early fields to be developed was the inter-urban service 
between cities, for connecting small towns with large cities. 
One of the first and most marked examples of this kind was the 
inter-urban service between Minneapolis and St. Paul. After its 
establishment it compelled six different steam roads to practi- 


these cities. 

We have seen it in the last year or two carried still further 
at the World’s Fair by its introduction on the Intramural road, 
and now being further extended on the elevated structures; and 
there are now being equipped one or two of the large steam 
roads for handling special problems, as, for instance, the Balti- 
more and Ohio tunnel at Baltimore, where the entire freight 
and passenger service of the road is to be handled by large 
electric locomotives of ten to twelve hundred horse-power 
capacity. -The amount of capital and the confidence with which 
capitalists and investors have taken hold of the electric tram- 
way has been something marvellous when we consider the short 
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time they have been in service, and though you might find a 
few failures owing to poor management, over-capitalization, or 
some other sufficient cause, in general we find an uninterrupted 


line of successful extensions and enterprises in this line. I will | 


try to make a brief general review of the different parts of the 
electric tramway system, and show the development which has 
been made in each. 

RoapD-BED.—There is probably no part of a street railway 
system which was more antiquated in its general construction 
than the majority of the road-beds were found in this 
country when cable and electric traction were first introduced, 


and it took some severe lessons in many cases to bring about 


appreciation of the necessity of good road-bed construction. 
The old horse-road construction was in somewhat the condition | 
of the old steam-road construction fifty years ago, being a 
stringer construction, with ties four to five feet on centres in the 
majority of cases, and a flat rail, either centre or side bearing, 


and weighing from thirty to sixty pounds to the yard, spiked to os. 


the top of the stringers. The result naturally reached with the 
introduction of electric traction on such a track, with its heavy | 
service and severe wear and tear owing to self-propulsion, was 
a failure of the road-bed entirely. On paved streets the ties 
had to be placed sufficiently low to enable the use of paving — 
blocks over them. Therefore, with the commencement of the 
introduction of girder and T rails, which when first intro- 
duced were three to four inches, and in some cases five inches, 
in depth, it required the placing of these rails on a cast or 
wrought-iron chair or stringer in order to get the depth over 
ties for paving. This method proved very little better than the 
old flat rail, under the added requirements of the service, and 
especially at the joints; and contracting engineers and officials 
of street-railway companies very rapidly reached the apprecia- 
tion of the necessity of using the heaviest possible rails obtain- 
able, and the rail mills were pressed to undertake the rolling of 
heavier and deeper girder and T rail, and after overcoming 
all difficulties they have reached at present a state of develop- 
ment which gives us, we believe, a road-bed construction equal 
to that of any steam road in the country ; and the standard to-day 
for electric tramway road-bed is seventy to eighty-pound T 
rail, or seventy to ninety-eight-pound girder rail, the depth of 
these rails running from seven to nine inches. = 
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Ninety-pound rail, being nine to ten inches in depth, enables 
them to be spiked direct to the ties and give the necessary 
depth for paving. This heavy rail, with eight to twelve-bolt 
joint plates, supplies every requirement. The girder rail is 
being generally used in paved streets, and T rail on suburban 
roads, and, for the last year or two, to a considerable extent on 
macadamized roads, and even in a few cases on paved streets. 
By the introduction of special details of construction, and es- 
pecially on macadamized and asphalted streets, the T rail seems 
to offer as good a road-bed, both for the railroad and the public, 
as the side-bearing girder rail. Ties used should be standard 
railroad ties. 

The special work on track work, such as cross-overs, turn- 
outs, curves, etc., has also met with large improvement. . The 
old form of special work was iron castings, which very rapidly 
depreciated under the conditions of this service. Next we had 
introduced the rails cut into the special shape as required by 
conditions and bolted together. These also very rapidly depre- 
ciated, and became loose in the joints, etc. Now we have as a 
standard for this special work the steel rails bent to the form 
required, and surrounded by a mass of cast metal to hold them 
together, and one company is turning out this special work with 
the parts welded together; also in cast steel. One company is 
introducing track work in which, instead of joining up the rails 
with channel and joint plates bolted together, the rail is being 
welded electrically into a continuous rail. Asection of track in 
Cambridge, Boston, and also one at Johnstown were laid in this 
manner, and this year this plan is being introduced on avery large 
scale on the entire system of a road in Brooklyn, N. Y., where fifty 
miles or more of ninety-pound rail is being laid in this manner. 
The experiment is a bold one and deserves success. We have — 
got to await a severe winter to see what success will be achieved 


by it. The process of: welding this up is to weld two joints and 4 


skip the third, and come back at night, when everything is cool, 
and weld this third joint. By this process they expect to over- 
come the difficulties which they encountered last year, in whieh, 
after one winter’s test, six per cent. of the joints pulled apart. 


Track BonpDING AND ELECTROLYSIS.—We are hearing a great 
deal to-day about electrolysis and electrolytic action of the 


current on the return side of the tramway circuit Inthe early _ 
introduction of electric tramways, and with the light section of 


507 = 
4 
3 “<8 
4 
A 
4 
is 
| 
ty. 


DEVELOPMENT OF ELECTRIC TRAMWAYS. 


rails, the usual method was to bond up the rails and connect 
them with the return copper or iron wire of varying sizes which 
was laid between the rails. At first the size was No. 4 and 6 
wire, and later on 0 and 00 was used. With the introduction of 
a seventy and ninety-pound section of rail we have met the ques- 
tion of sufficient capacity in the conductivity of the rail. The 
present requirements are to bond the rail in such a manner as 
to insure a continuous connection of all the tracks, and thus 
provide means for the return connection to the power station, 
and we believe it may be said that the best standard of con- 
struction to-day is to double bond all the joints of the rail with 
the shortest possible bond which is practicable, and cross bond 
each rail every few lengths and also cross bond to the other 
track. This insures a uniformity of potential in the rails. Then, 
by connecting this track by overhead feeders run in the same 
manner as the feeders to the trolley, connected every half mile 
or so to the track, we believe we have a practical solution of 
the difficulties which have been encountered in the proper re- 
turn of the current, and a prevention of the trouble which has 
been encountered where this return was not sufficiently provided 
for, and the current, taking to the water and gas mains, has 
caused the trouble and damage resulting from the same. 

Line Consrruction.— When we run across some of the old 
cases of line construction, as at Richmond and other places, and 
then compare them with the present form of constraction which 
is now being introduced, it gives us a better illustration than 
words can describe of the improvement which has been made in 
overcoming the objections which existed in the earlier work. 
Then we had for insulation old pieces of glass and porcelain 
and little blocks of wood, the whole making a poor mechanical — 
and electrical job, and giving considerable trouble. 

The standard of trolley wire then was No. 4. Now the stan- 
dard is a No.0 or 00 wire. Then the poles used were plain little 
telegraph poles, about six inches at the top and eight inches at 
the butt, which quickly gave way under the strain of service. 
New we have a well-built line, substantial in every respect. 
The poles used are either a heavy octagonal sawed pole, or vari- 
ous types of iron poles. Local city authorities, though, have 
compelled the use of iron poles in most cases, and various types 
of pipe and trussed sectional iron een have been introduced. 
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sulation between the trolley wire and the ground. The general 
line material, such as trolley insulators, feeder insulators, pole 
insulation, etc., have all been brought to a high state of develop- 
ment, and at present we can purchase this material and know 
pretty well that we are getting first-class insulating qualities. 
On all city work the general form of suspension for the line is 
cross suspension, with the poles located on the curb. 

FEEDER WirE.—Feeder wires have been more and more liber- 
ally introduced and used, and at present, on the best construc- 
tion, the system is laid out and figured to maintain a distribu- 
tion of potential over the entire system with a drop of not 
exceeding five to eight per cent. under the most severe condi- 
tions or heavy stress of weather. Feeder wires in general have 
- been run overhead, but we believe it is an assurance of better 
service on large roads to run the main feeder trunk lines in 
underground conduits, and we have done this in several cities 
with successful results, With proper arrangement of feeders, 
cut-outs, section insulators, etc., and proper distribution of the 


_ feeder lines on the switchboard, we have complete control of 


our system, and, in case of trouble, are able to localize that 
_ trouble to the smallest possible section of the line, and provide 
a quick remedy therefor. 

UnpErGROUND ConpvitTs.— Underground conduits, or the plac- 


ing of the trolley wire with all its feeders under the surface of 


the street, is the ultimate and desirable result to be obtained in 
our large city lines of electric traction, and cities are going to 
demand in the near future this method of service where the 
local conditions and requirements will warrant it. Under- 
- ground conduits were attempted four or five years ago, but on 
account of insufficient experience, lack of engineering ability, or 
amount of money expended on the work, as well as a desire on the 
part of the company installing them to make them a failure, they 
were not in general successful. The first really successful under- 
ground conduit to be installed and operated was in Buda-Pesth, 
about seven or eight miles in length, and it is now being ex- 
tended to thirty miles or more. The local conditions there 
were favorable, and the width of slot opening which was pos- 
sible to be used there was not practicable in this country, owing 
to our wagon tires. We have had, the past year, one or two con- 
duits introduced on similar lines in this country on a very small 
scale, at Chicago and Washington, and we will have within the 
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next few months the introduction of a conduit, in one or two of 
our large cities, on a large commercial scale. The conduit to be 
most used will be one similar to a cable conduit, with the 


trolley conductors placed at the sides in the shape of a channel _ : 


or angle-bar or rod of iron or copper, which will be divided into 
sections, and fed by underground feeders laid along the line 
of the road. Various types of shoes or brushes will convey the _ 
current from the trolley wire to the motors on the car. Such 

a conduit, we believe, will only be successful where it is made a 
double-tro'ley conduit, and not depending on the track for the 

return circuit. 


The other type of conduit which may be used is one of ‘ous a 


several which are operated on the closed-conduit plan. None of 
these have been introduced on a commercial scale as yet. It is 
a very attractive method in many ways, also saving on the cost 
of construction of a cable conduit. There are numerous diffi- 
culties in regard to the electrical details which will have to be 


overcome before such a form of duct can be a success. The 


overhead-line construction, though, will continue to be used in 
the majority of cases for many years to come, we believe, as the — 
most practicable and best method for conveying the current to 
the motors. The cost of a well-built trolley conduit in the form — 
of acable duct will, in most cases, exceed that of a cable duct on 
straight track, but less on curves and special work. 
Cars AND THEIR EquipMEents.—In the old horse-car service the 
standard length of car body was fourteen to sixteen feet, and in 
open cars seven creight benches. The added service done by the 
large electric roads brought about an increase in the length of 
cars, particularly in the closed cars. This was carried to an 
extreme, by increasing the length of the cars to twenty-six and 
twenty-eight-foot body, with double truck. We have had a 
reaction from that length, and we believe the best standard of car 
for heavy city traffic, and the one which will give the least wear 
and tear on the road-bed, and also will enable the use of higher 
speed on suburban lines, is a car body from twenty to twenty- 


four feet in length—twenty-one or twenty-two feet being the most : E 
desirable standard—and mounted on double trucks, with maxi- _ 


mum traction on the driving wheels. Such a car body, with 
wide platforms—four to four and a half feet—with entrances — 
on one side, with wide double doors, fills best, we believe, the 


general requirements of such a service. There is a strong 
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objection to the use of nineteen or twenty-foot car bodies on a 
single truck, with a six-and-a-half to seven-foot wheel ‘base, as 
has been done in a number of cases. There can be only one 
- result from such an equipment, and that is a rapid destruction 
of the car body, and also the track. This pounding or de- 
struction of the track on these single trucks has to a consider- 
able extent been due. to the weight of the cast-iron motors and 
their rigid mounting on the car axle. This difficulty has been 
greatly lessened by the introduction of steel motors of about half 
the weight, and the supporting of them by springs. 

Open cars may be treated in a similar manner. Generally 
these open cars are used on a single truck; but if of excessive 
length, a double truck should be used. The trucks generally 
used we have partially treated of in describing the car bodies. 
To a car body seventeen or eighteen feet in length, a four-wheel 
truck with a wheel base six and a half to seven feet, increased 
as much as the curves which exist on the line will permit, is the 
standard where that length of car body is used. The general 
diameter of the wheels now used is about thirty-three inches, 
and we have many forms of heavy-built forged frames or steel 
pressed frames, with every possible arrangement of the spring 
base which can be devised to overcome the natural tendency of 
the car body to teetering when partly filled with an unequally 
distributed load of passengers. 

Motor EquieMents.—The improvement in motors during the 
past seven years, since their first introduction, has been marvel- 
lous. The old seven-and-a-half or ten horse-power motor was a 
thing of pity, poor in its design both mechanically and electri- 
cally, and a continual worry and trouble to keep it in operation 
and service, the fields and armatures burning out every day, and 
the repair account on them running from three to six cents per 
car mile operated. Now if we turn to the present type of iron- 
clad slotted armatures and water-proof motors, with normal 
horse-power capacity, in the general type of motors of twenty- 
five horse-power, making equipment per car fifty horse-power, 
and built for any speed which is practicable on the service for 
which they are to be used, with a depreciation, wear, and tear 
less than almost any other type of power machinery, we have, it 
seems, attained a commertial stage and development in this mo- 
tor which it will be hard to excel. These motors are now equal 
to almost anything to which they may be put. Their capacity, 
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economy, and power are brought to a high stage of development, 
and their economical controlling and handling is managed by a 
controller stand which gives various combinations and arrange- 
ments of the motor fields and armature, which gives us complete 
control over the current under different conditions of service, 
and gives us an economy in current consumption which is away 
beyond the expectations of a few years ago. 

Power Hovust.—From the mechanical engineer’s standpoint, 
probably the most interesting part of the equipment of the elec- 
tric tramway is the power house, and therefore we will try to give 
you a more careful and detailed description of its present devel- 
opmentand arrangement. The one central idea of electrical engi- 
neers, in the early electric light and power station work, was to 
have them located in the centre of the system, regardless of all 
other local conditions and requirements. Experience has shown 
us, in the broad treatment from an electrical and mechanical 
engineer’s standpoint, that we want to take into careful consid- 
eration not only the electrical requirements as to the distribution 
of power, but also the possibilities of economical generation of 
that power from a steam-engineering standpoint ; therefore we 
give careful consideration at present to this matter. The gen- 
eral requirements are that a power station of any size or capacity 
should be so located as to generate, under the most economical 
conditions, the power which is to be used in the utilization of 
electricity, and the location to be such that the obtaining and 
handling of coal and water shall be at the lowest obtainable net 
cost. The capacity of the station should take into consideration 
the present requirements and immediate future expectations as 
far as can be foreseen, and as far as the resources of the com- 
pany will permit on a commercial scale, and without depending 
too much on future prosperity. 

The general basis of calculation of the horse-power required 
for a tramway system must take into consideration the local con- 
ditions of service, grades, curves, etc., but, in general, fifteen to 
twenty-five horse-power per car equipment in use on the road is 
the general limit of a well-designed station, which will take into 
consideration the conditions for the continuous service and ope- 
ration of the plant. A road of one hundred cars would there- 
fore require about two thousand horse-power, which horse-power 
should be divided into, say, four units of five hundred horse- 
power each, The number of units in any station should be the 


{ 
fir 
i 
| 
‘ 
¥ 


fewest number which will give a safe and economical division of 

the units, and in a station of this kind four or five units, accord- __ 

ing to the service and conditions, should be the standard. In 

the past we have had to be guided largely by the capacity and 

size of generators it was possible to obtain, but this question is | 

now eliminated, and any capacity of generator which the engi- __ 

neer may call for and feel necessary to meet the needs of his 

case, can be contracted for and built with a surety of success. 

Generators are now being built in this country up to five thou- __ 

sand horse-power each. The general arrangement and character _ 

of power-station building required for the power plant is awell- __ 

designed one-story fire-proof iron, brick, and stone structure, with _ 

trussed roof, travelling power crane in the engine room, and con- 

venient for the handling of coal, ashes, etc., which it may be pos- 

sible to obtain. The method of connecting up the engine and = 

generators in the early types of small generators was to beltthem 

to small automatic engines, or else by countershafting. Both 

methods have their advantages and disadvantages. At present 

the tendency is large generators directly connected to the engine, 

whether automatic or Corliss, high, slow, or intermediate speed, 

such connection being made either by direct belting or directly 

mounting the generator on the engine shaft. The type of engine 

to be used on this service we have found must be equal in its __ 

requirements to that of rolling-mill service, capable of standing 

the heaviest strains in the variation of the load, and also to give 

desirable closeness in regulation under these heavy changes, in 

order that our generators may be balanced with one another. 

There is probably no service which has done more to develop 

the steam engine in the last few years than railway and power ser- 

vice. The Corliss engine is being better and more heavily built, 

and being made to regulate more closely than it did in the past. 

The automatic or high-speed engine has been developed froma 

light, unmechanical single-valve engine to a heavy, substantially 

built double-valve engine giving good regulation and good ser- 

vice up to certain sizes ; and for our larger units, we believe the __ 

alternate type will be an engine combining the advantages and 

uses of an automatic and Corliss engine, combining the advan- 

tages of both, and trying to avoid the disadvantages. Such an 

engine for general requirements we believe will preferably bea 

vertical, as giving better economy of space in large plants. As = = = 

to the number of cylinders to be used in engines, itis generally = 
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acknowledged to-day that compound engines give the best results 
on railway work. Triple-expansion, on account of the wide vari- 
ation of load, have been found to be undesirable, and therefore 
cross or tandem condensing or non-condensing—preferably the 
former—are the standard to-day. 

In boilers we have a wide range in style, size, and capacity. 
The plain old horizontal return tubular, sixteen or seventeen feet 
long, with three-and-a-half or four-inch tubes, is still filling 
general requirements in a large number of cases in a satisfac- 
tory manner, where real estate has not to be purchased at an 
excessive cost, and where the steam pressure does not exceed 
one hundred and twenty-five pounds. Such a boiler, made with 
good material, with a butt strap joint, gives us good service. 
Where the conditions are such that we require water-tube or — 
sectional boilers, we have a large variety to select from, many 
of them meeting our requirements and giving good service; but 
a number of them we find are giving a good deal of trouble and 
bother in their care and maintenance, and also in not giving 
good dry steam. 

The generators, as we have indicated, have been hadngiet 
from small units to any size of machine desired, and we have 
now a machine which in its economy, durability, regulation, etc., 
cannot be excelled. A well-built machine, with slotted arma- 
ture, large commutator, carbon brushes, slow speed, and self-oil- 
ing bearings, requires a minimum of attendance for its good work- 
ing. These are built for direct belting for a slow speed, or 
direct connection for the various types of engines operating 
from seventy-five to one hundred and fifty revolutions, accord- 
ing to the size of the units or type of engine to which it is to 
be connected, and they are being built from one hundred to fif- 
teen hundred kilowatts capacity. 

Car Hovusz.—A well-built and well-designed car house is of as 
much importance to such a system as its power house. Such a 
car house should be built to obtain minimum handling of cars and 
afford good facilities for the care and repair of the cars in regular 
service ; and also to give a storage capacity for the cars which 
are not in regular service. Such a car house should be a 
fire-proof structure in every respect, and afford ready access 
and egress for the cars. The general form of the structure, 
whether one- or two-story, must be in accordance with the 


general conditions and requirements of each case, and be 
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equipped with repair shops and repair pits, as well as paint 
shop, ete. 

OPERATING EXPENSES AND Cost oF Equipment.—The old 
horse-car road in large cities operated at a total cost of from 
eighteen to twenty-five cents per car mile. One car mile is 
taken as the standard for operating expenses in our tramway 
service. The heavicst item in this operating expense was the 
question of power—that is, the care and maintenance of the 
_ horses, their feeding, and the depreciation of the same. The 
average life of a horse on a well-operated tramway road is five 
to six years, and the number of horses required per car from 
eight to eleven, according to conditions and requirements. The 
cost of this power service was from eight to eleven cents per 
car mile. This is where the electric road has made its heaviest 
gains in the reduction of operating expenses. This item is 
reduced in power service to-day to a cost, under general condi- 
tions, ranging from one to one and a half cents per car mile. Is 
not this a marvellous gain in a few years, and does it not indi- 
cate and show the possibilities of the introduction of this power 
on this service? The relative proportion of operating expenses 
to earnings in the horse-railway service was from seventy to 
eighty per cent. operating expenses to gross earnings. In elec- 
tric service we have a considerable increase in our gross earn- 
ings over our old horse line, which increase runs from twenty- 

five to fifty and even one hundred per cent. in some cases, and 
_ the operating expenses being forty to sixty per cent. of the gross 
earnings. In this operating expense we include all the operat- 
ing expenses of the road other than the fixed charges. 

The cost of building and equipping an electric road is consid- 
erable. The last year or two has reduced this item to a con- 
siderable extent, especially on the electrical equipment; and 
has not only reduced the cost, but shows a great deal better 
equipment, and one which is going to show a much smaller de- 
preciation than we had a few years ago. The standard price 
four years ago for an equipment of two fifteen-horse-power 
motors and the installation of them was $3,000 to $3,500. The 
price to-day for two twenty-five-horse-power motors, which are 
much superior to the former ones, is under $1,000. This gives 
us a total cost of a motor car, including car body, truck, motors, 
etc., of approximately $2,200. A single mile of road-bed con- 
struction, with ninety-pound girder rail, exclusive of any new 
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pavement, but including taking up of the old track and replacing 

of old pavement, about $7,500 per mile of single track. This 
makes no allowance for special work. Overhead-line construc- 

tion for one mile of double track, with iron poles, feeders, etc., 
$4,000 to $5,000 per mile; with wooden poles, about $3,000 or 
$4,000 per mile. Steam and electric plant for direct-connected _ 

vertical compound condensing plant—for steam plant, $50 to $55 
per horse-power, and the electrical, $20 to $25 per horse-power, 
making a total for steam and electric plant, $70 to $80 per horse- 
power. Asa general summary, we have for the total cost of the 
equipment of the electric tram-road—that is, the rebuilding of an 
old horse road—including power plant complete, buildings, car 


house, cars, equipment, track and overhead construction, $20,000 a 


to $25,000 per mile of single track, according to the varying 
conditions and requirements of different cases. 

ConcLusion.—Without going to extremes, I believe we may 
safely say that the electric tramways have more than met all 
the requirements, expectations, and agreements of even the 
most enthusiastic advocate during their early introduction, and 
when we look around us to-day, and see the universal introduc- 
tion which they have met with in this country, and are now 
meeting with in all parts of the world, we can in a measure 
appreciate what has been done in this matter. 

As to the future and the future possibilities of the tramway, 
not only for city and suburban traffic, but also to enter into 
competition fora large share of the steam railway service, it will 
see the introduction of electricity for many purposes and uses 
in this field. The limit of speed and power obtainable is only 
limited by the conditions and local requirements of this service. 
Theoretically, any speed is possible which is desirable to be 
obtained on any service, and the only limits are the resistance 
of the wind or air. As to the exact line which this develop- 
ment is going to take, it is hard to determine; but we believe for 
a number of years to come it will be a continuance of the pres- 
ent lines, with improvements in the general detail of construc- 
tion. 

The storage battery we have left out of consideration entirely, 
and we do not believe it is in a state that it needs to be consid- 
ered commercially as yet. 

Up to the present time in this service, our development has 
been with direct or continuous current. There is no question 
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but that, with the large improvements and modifications which 
are being made in alternating current apparatus, we may ex- 


pect its introduction on the tramway service, especially for 


long-distance work. 

In all this work the mechanical engineer has played and will 
play an important part, and the combined mechanical and 
electrical engineer is going to be and has been largely identified 
with the development of this line of work. 


Mr. Gus C. Henning.—This paper deals with the art of run- 
ning cars by electricity as it is at present, which is not at all the 
best or cheapest way. Everybody knows that the overhead 


trolley is expensive in bad weather, and in certain conditions 


cannot be operated at all. Many engineers have been trying to 
get a method by which the difficulty of flooding an underground 
conduit or filling it up with dirt can be avoided, and also a low 
first cost of construction be secured. Siemens & Halske, in 
Hamburg, have recently taken up anew system. They are going 
to build a road which will be found described in the Elektro- 
technischer Anzeiger of November 4, 1894, and although they have 
been very successful with their Buda-Pesth road, everybody 
knows that the dirt, ice, and water getting into the slot will 
gradually block the road, or at times break the circuit at many 
points so that it becomes inoperative. In the new method of 
Siemens & Halske, instead of having an open slot, they simply 
make a conduit, C, of a diving-bell shape (Figs. 156, 157), and then, 
at certain distances, according to the grade of the road, they put 
in dividing walls, )—diaphragms, or bulkheads. That makes a 
water-tight compartment of each section of the conductor con- 
duit. Those can be as short or as long as you please. Ona 
level road you do not require them except for long distances. 
No matter how much the slot fills up with water, the trolley wire 
being at Z, it will never come in contact with water, as the 
enclosed air will prevent the water from rising. The trolley, 7, 
however, simply passes below that wire at these diaphragms by 
means of inclines, /, under the wire, which can be long or short, 
according to the speed of the car or any other condition. Buta 
brush, B, follows along, which sweeps out that conduit. The 
conduit tried by Siemens & Halske at Hamburg is only eight 
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inches deep. They have actually flooded their street with water 4 3 
several inches, and the trolley runs underneath, in contact with _ 
the wire which is bare, without any objection whatever. There 
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is no loss of current, because, where the wire passes through 
these diaphragms, it is very carefully insulated, and in between, 
at intervals, they put what is the same as an expansion joint, 
that is, they coil the wire, so that no undue strains can come on 
the wire on account of expansion or contraction. Siemens & © 
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 - Halske say that this method costs no more than the overhead 
trolley, and probably less, because, as you see, this is a cheaply 


made box. At the same time, these conduits can be laid over 


the ties. Of course, in heavy traffic you have to get a good road- 
bed for your ties and heavy rails. But they have got to that 
point now. In view of that, the statement about economy, given 
in this paper, will be found to be very much reduced just as soon 
as this system has been introduced ona large scale here and 
elsewhere. Even outside the cities this would be a far preferable 
method of running an electric road, for the reason that it is 
entirely independent of storms. The only things which will affect 
_ this system are electric storms, which, of course, derange any 
system. But Siemens & Halske have demonstrated by actual 
operation in Hamburg that this is a perfectly practicable and 


 xeliable method of operating an electric road in a very much 


more economical manner than even the overhead trolley, and 


a the construction of the Metropolitan Traction Company in this 
 eity will be avoided, in which they have to dig down several feet 


in order to put a conduit, in which they will also put a cable, in 


aa case the electric trolley will not run underground. It is gen- 
erally asserted that the Metropolitan Traction Company has not 


- attempted anything like this, because they want to bring in the 
trolley from across the river, and therefore try to show that they 
- cannot run a conduit trolley in this city. But here is a system 
_ which has been entirely successful, very economical, and less 

liable to leakage or loss than any other system, and I think, in 


_ the discussion of this paper, which only gives us the practice 


to-day without regard to the latest, we should also put it in the 
discussion. 

The slot is of any shape. It can be either between the rails, 
close to them, or at the centre. It may be placed outside the rail, 
or else it may be placed under the heads and between two par- 
allel rails. The sketch shows two Z-bars, and the conduit hangs 
under the heads. The stay-bolts are placed as usual, and hold 
the conduit. on the ties, or, better still, on the plate resting 
on the ties, making this a solid slot. Then the water will enter 
the slot and fill up the open part of the conduit. If the whole 
eight inches are submerged, with a foot of water overhead, the 
compression of the air in the chamber in the conduit will only 
be an inch and a half by actual test. The trolley, of course, 
hangs on an arm and runs against the wire. Now the trolley will 
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run from one of these sections to another very rapidly, and ; 
suck a lot of air into the water as it plunges down, and carry 4 
that air into the next chamber, and, therefore, in running there 
__-will be a constant conduction of air from one chamber to an- 
other. Otherwise the trolley, running very rapidly and splash- 
ing the water, might absorb a lot of air, which would be carried 
out and the conduit gradually fill with water. But that has not 
been found to be the case, because when the trolley leaves a 
- section where there are no diaphragms the air will follow the 
trolley, so that the chambers will always remain filled with air. 
_ They will never become filled with water. 
Mr. Oberlin Smith.—Is the circuit broken on these inclines, or 
are they connected with the live wire ? 
_ ‘Mr. Henning.—They are insulated from the wire. JI is the 
guide, and F is the wire. The guides are entirely insulated, 
and the wires are insulated through DD. If the ends of sections 
at D move, no strain will be brought on the wire at all, because 
the wires are fastened at D and D, and coiled between these 
diaphragms ; hence the ends will move forward and back irre- 
spective of the temperature changes. If there is a grade of six 
per cent., knowing that water rises an inch and a half in the 
conduit under a head of twelve-inch submersion, calculation 
_ shows that section diaphragms must be placed about twenty- 
four feet apart on such grades, which are about a maximum, 
except in extraordinary cases. 
Mr. Partridge—What is the depth of that box containing the 
wire? 
Mr. Henning.—I think that is only five inches. All you 
require is an inch and a half below the wire. 
Mr. Smith—About how long do they make the sections of air 
lock for a level grade ? 
Mr. Henning.—They do not have any at all. On very steep 

_ grades the compression of air will not be great, because the 
water naturally flows off. Feed wires are used at intervals for 
the current. Dirt holes are provided at intervals, with man- 
hole covers, to receive the dirt which enters through the slot. 
As each trolley arm can carry a brush, the conduit can be kept 
clean. On lower Broadway there might have to be a receptacle 
about every one hundred and fifty feet, on account of the mass 
of dirt. On the east side, in the dirty streets, there may have 
to be more; while on Columbus Avenue, or similar clean streets, 
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dirt receptacles several hundred feet apart would suffice. Sie- 
mens & Halske are building a road on that plan, because it has 
been practically demonstrated that it is cheaper, more economi- 
cal, and entirely more mechanical than the overhead trolley 
system. The trolley arm, of course, swings on a hinge. 

A Member.—How about the spark when the trolley leaves the 
wire ? 

Mr. Henning.—The fact is, there is a double trolley. There is 
a constant contact of the trolley mechanism with the wire. But 
one trolley as it follows a guide is not in contact with the wire 
or the other trolley. But one or the other is in contact all the 
time. Now, when one trolley comes to a guide, the other trolley 
has already come into contact with the wire beyond, so there 
is always a constant electrical connection, and there cannot be 
any sparking. 

A Member.—How do you manage when another road is cross- 
ing at right angles? 

Mr. Henning.—The car will run twenty feet or more by mo- 
mentum, if necessary. On the cable road they carry a car from 
one side of Third Avenue to the other, at 125th Street, after 
dropping the cable. There can, for instance, be an open place 
on one side of the street, and the trolley can be raised up under 
the car. Then, when they cross the street, it can be dropped 
again. If you want to change from this system to any other 
you simply pull your trolleys up at the end of the section and 
go ahead. Of course, at crossing points, the wires could be 
dropped below the conduits just the same as is done nowadays 
with cables, and connecting the chambers, or stop them off at 
the intersection, and simply drop the wire. There is no diffi- 
culty whatever, and it does not require heavy structures at 
intersection points, as cable roads do. 

A Member.—How do they manage to keep that trolley in con- 
nection with the wire in case it is flooded ? 

Mr. Henning.—If you take a tumbler and try to put it into 
water upside down you cannot get any water into the tumbler, 
because the air stops it. The trolley runs above the water, and 
it cannot jump out of position. It is not like the overhead 
trolley. A perfectly flat roller can be used as a trolley, and 
it cannot get out of the way, because the whole mechanism is 
guided by the flat sides of the conduit. If the car moves two 
inches laterally, the whole motion of the trolley is less than one 
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: quarter of that, or less than half an inch motion: A little 
ae guide roller can be used, and then the trolley cannot move at all, 


-_- but that is not necessary. 


Mr. Oberlin Smith—How near is the wire to the top of the 


diving-bell connection, and what kind of insulators are attached 


to it? 


Mr. Henning.—You can use ten thousand different kinds. 


a, ie You can pack that solid against non-conducting material. I do 
‘2 not know what they have done in Hamburg, but I know there 
is one device which is proposed, which is simply to carry the 
__-wire by soldered strips in a lot of insulating material which is 


put on the conduit in the shop. This whole thing can be made 
in the shop, except that you make the electric connection be- 


ie tween the ends of the wires in the street. The entire conduit 
is made in the shops, and simply laid down, the same as any 


street rail. A ten-inch slot rail is not necessary, as is the case 
on the cable road, because the conduit is only eight inches deep. 


It can be made very stiff, very cheaply, and the pavement will 


come up against it and make a perfect joint. 
Mr, Hale-—How do you avoid a short circuit when one trolley 


_ is in the water, and the other on the wire? 


Mr. Henning—It is so arranged that one of these trolleys is 
cut out when the other comesdown. It is only a matter of detail. 

A Member.—What voltage do they advocate in them ? 

Mr. Henning.—I do not know what they have used, but the 
voltage is not a question in this at all. 

Mr. Nelson W. Perry.—It would be a very serious question, it 
seems to me, on account of the creepage. The dampness of the 
air would cause a creeping of the current over the insulating 


material. Here you have a very short distance between your 
copper conductor and the inverted trough, and the only way 


to obviate an excessive creepage of current would be to use a 
very low potential, and that means an excessive amount of cop- 


per in your conductors, or a very large loss in transmission. At 


two hundred and fifty volts you could not carry it half the 


- distance that you could at five hundred volts. 


Mr. Henning.—I know that the voltage carried by Siemens & 
Halske is low. What it is I cannot tell you. But under the 
voltage necessary to operate successfully they say there is no 
appreciable loss. We will have to wait for tests and accurate 
measurements of the matter in order to get at it. But it is not 
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necessary to carry a high voltage, because there is not so much 


loss to be provided for along the line. You can operate with a 
minimum voltage, because there are neither interruptions in the 
circuit nor leakage. If the inside of the conduit is prepared 
there will be no precipitation, as it is always at the temperature 
of the external air, as it is so shallow. In this respect it is quite 
different from large or deep conduits. 

Mr. Perry.—If you had no leakage at all it would be neces- 
sary to have a large amount of copper, if you were to carry it a 
long distance. 

Mr. Henning.—There is no difficulty about putting in any size 
of conductor. You can put a rod of copper in there instead of 
a wire. You cannot carry a trolley wire of very great section 
overhead, because your posts come too close together. Here 
you put them in the shop and your only point of connection is 
at the ends, and an outside feed wire, well insulated, carries the 
main current, and another the return. 

Mr. Perry.—Then comes in the question of copper. If you 
don’t have sufficient copper, you will have so much drop in your 
line in distance that your cars will be inoperative. 

Mr. Henning.—That is very true. But the total cost of this is 
so low that you can afford to put in a large amount of copper. 

Mr. Perry.—With five hundred volts on our overhead system, 
where we might say that the leakage is practically nothing, the 
limit to which we can transmit current economically is, I think, 
about seven miles. Now, if we are going to carry the current 
further than seven miles, it becomes more economical to build 
another station, with all that that involves, rather than put in 
sufficient copper to overcome that drop. If you put the volt- 
age at two hundred and fifty to avoid that leakage, the limit to 
which you will distribute your current will be half, the distance 


will be only half as great; or, if you put in enough copper, your ae 


investment in copper is twice as large. So you have to decide 
between Scylla and Charybdis. 

Mr. Henning.—Of course, those are propositions or supposi- 
tions which have to be proved or disproved by actual practice. 
But I do not think you can apply the knowledge gained by over- 


head trolleys to this conduit. I remember hearing one of our — 5 b 


members reading a paper showing that an electric locomotive 
was impracticable, for the reason that it would be so massive 
that we could not do anything with it. Now we have electric 
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locomotives in many places. Siemens & Halske say that this is 

the best thing they have ever seen, and I think their judgment 

is better than mine. a 
Ur. Oberlin Smith—It seems to me, at the first glance, and _ 

after having tried to pick holes in this scheme, that possibly it 

may be a pretty good thing. Probably it will strike a number 

of us here, Why didn’t we think of that ourselves? That idea 

of the air chamber looks good. Of course, we do not know what 

the troubles may be. The mechanical part seems to be well _ 

arranged. The question was brought up just now about the 

leakage of current by creeping over the damp surfaces from the 

wire on to the walls of the inverted trough, etc. Probably that 

is the chief trouble to contend with. How great that is or will 

be, of course we cannot tell. It seems to me that here is where 

the pith of the whole experiment lies. The matter of not being 

able to run over so many miles need not come in, because we 

can run feeder wires, as usual. Thus it might not be necessary 

to put such a tremendous big conductor in there, after all. 

Mr. Partridge—For some time I lived near the line of the 
Tenth Avenue cable road, and I watched the conditions under 
which that conduit was flooded very carefully. It was a sur- 
prising thing to me that the number of days in the year on which 
water found its way into the slot was very small. I think there 
were some years in which there were not more than ten eae 
when water ran into any part of the slot from 145th Street to — 
190th Street. When we consider the fact that frequent runs > 
and good drainage bring up the ventilation to a pretty high 
degree, perhaps we shall find that the condition of the air in 
the conduit is not as bad as we have heretofore supposed it 
to be. 

Mr. Perry.—It is not a question of the amountof copper which _ 
you carry in the trolley wire, because you can make your feed- _ 
ing intervals as short as you choose. You can make your trolley 
wire as small as you choose, for that matter, but the question is, __ 
how are we going to get our current to feed into it at adistance . 
of so many miles? It is not a question of opinion what the drop © 
will be. It is an electric law that the drop on a line is equal to 
the current which that line carries, multiplied by the resistance; _ 
CR is equal to the drop in potential. If you use a large copper 
wire you will decrease that drop. With a given wire, if you use 
twice as much current at a given distance your drop will be 
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twice as large, and the question comes in whether the interest 
on the investment of the increased amount of copper to decrease 
that drop will amount to more than the benefit gained. Sir 
William Thomson’s law is that the conductor of most economi- 
cal size for carrying currents is that on which the interest on 
the investment is equal to the cost of horse-power lost in trans- 
mission ; this law is subject to some minor modifications, but as 
a general truth is accepted by all electrical engineers every- 
where. Nowif, on the other hand, we save copper by increasing 
our potential, as we try to do, and as they do in the alternating 
current, and then reducing down to low potential for use, we run 
the risk of losing a larger amount through leakage. The higher 
the potential the greater the leakage across the insulating sur- 
face. If your insulating surfaces are perfectly dry and the 
conditions are very favorable, the leakage will be very small 
comparatively with a given potential. But if, as is apt to be 
the case in a conduit, our atmosphere is damp, the best insu- 
lating materials which we know of will carry current along their 
surfaces by creepage. The only way in which we can increase 
the insulation along the insulating surfaces is by increasing the 
length of the surfaces. In our conduits that distance is limited 
by the size of the conduit, and in this particular conduit it seems 
to be very limited. In the overhead structure our wires are 
twenty-two feet, we will say, above the roadbed. There is a 
wire, which may be of insulating material, carried to the poles, 
and the creepage has to go over that wire and then down to the 
ground in order to make any leakage at all. The great difficulty 
with our conduit systems is that that distance over which that 
creepage has to go 1s necessarily very short. Another difficulty 
is that the atmosphere under the ground is apt to be very much 
damper than it is above the ground, and the usual way sug- 
gested for overcoming surface leakage due to dampness is to 
reduce our potential. If we do that, we have the other difficulty 
of being compelled to use so much copper. 

Mr. Fred. A. Scheffiler—Myr. Henning made a statement which 


I would not like to see go on the records of the Society without eee 
asking him a question about it. I would like tohave Mr. Hen- 


ning point out one place in the United States or anywhere else 


where they are operating steam railroads by electricity or Sie 


trolley wires or other connections of the same kind, where the 


locomotive is not generating its own electricity, or where it is 
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not underground in mining use, or in a tunnel similar to the 
Baltimore and Ohio tunnel, which is about to be operated by 
electricity. Those and coal mines are the only places in which 
I know electricity is actually used in hauling by locomotives. 

The Chairman.—I suppose Mr. Henning referred to the trol- 
ley cars. 

Mr. Scheffier—Those are not locomotives. 

Mr, Henning.—I was speaking of operating a railway line 
doing a considerable business by electricity. We have the 
Southwark Division of the District Railway in London. We 
have the new engine constructed for the Baltimore and Ohio. Of 
course, I am not speaking of running a steam road or a trunk- 
line by electricity. That was not my point. I am speaking of 
a railroad operated by electric locomotives. 

Ur. Scheffier.—I wish to state that the discussion which you 
referred to happened to strike me, as I was the originator of it, 
I believe, at Cincinnati, and I think the remarks and the state-_ 
ments that I made at the time, figures and costs, ete., would hold “2 
good to-day, except the prices of material. These have been _ 
reduced. 

Mr. Henning.—I want to say that at that time the object of the _ 
paper seemed, indeed, to all of us to be to show that a surface 
railroad could not be economically operated by electricity, and ig 
those figures were pretty big figures to show that it was a a ; 
physical impossibility. Therefore, I wish to say now that such — 
things since that time have been put into operation, and that 
there are economical installations operated by electricity. 

Mr. Hale.—Another statement was made which I think should — 
be corrected, about voltage. I believe that the amount of cop-— 
per required decreases as the square of the voltage. If we 
double the voltage we only need one-fourth as much copper. _ 
If we halve the voltage we need four times as much copper. ee 

Mr. Oberlin Smith.—There is a rumor in the air (which, of | 
course, we don’t believe) that Mr. Scheffler is the gentleman ‘ 
who believes in running electric railroads with steam locomo- 
tives. But I want to call attention to another electric road 
which is successfully running. I refer to the Liverpool Over- __ 
head Railway. Probably he would say that the vehiclesthereon _ 
are not locomotives, they are simply cars. Ido not see whatis _ 
the difference. A thing is a locomotive if it drives itself. So 
Mr. Henning’s remarks are a good deal to the point. Although 
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such machines are not running everywhere, there ate several of 
them running, on the whole. 

In regard to that inverted trough shown in the sketch, it 
seems to me that if the whole inside was lined with a sheet of 

insulating material, following the contour of it, there would 
q be a pretty good chance for getting a long length of insulating 
_ surface to avoid creepage of current. 

Mr. Arthur E. Childs.—The author in his paper has touched 
on all the points of the electric railroad as it exists to-day, and 
he has entitled his paper “ Present and Prospective Develop- 
ment of Electric Railroads.” Now, after carefully reading his 
_ paper several times, I have failed to discover much description 
of prospective development. The only paragraph which refers 
to that at all is the next to the last, where he speaks of alter- 
- nating-current apparatus as possibly doing something for the 
future. I would like to call the attention of the meeting to the 
fact that the alternating current is going to play, in long-distance 
_ transmission of power for electric railroads, a very important 
_ part in the near future. The continuous current, at five hun- 
dred volts pressure, is at present used up to about twenty-five 
- miles—possibly two miles further than that. When, however, 
we get to distances greater than that, the cost of transmitting 
_ the necessary power becomes so great, the waste in the line 
becomes so great, and the total cost is so much increased, that 
railroad men have hesitated to extend their lines further without 
building additional power-houses. The future prospect for elec- 
trie railroads which will run in country districts, and between 
towns and country villages, is that it will not be a conduit rail- 
_ road, for the reasons which were given by one of the previous 
speakers as to the cost of construction and the cost of the 
copper necessary to carry the current at a low voltage. There- 
fore, engineers in the past few months have been turning to the 

_ alternating current as a means of helping them out in this ques- 

tion of long-distance transmission. Several important schemes 
have been placed on foot, such as the railroad which is being 
built now, in sections, between Harrisburg and Philadelphia, and 
between Jersey City and Philadelphia, and between Baltimore 
and Philadelphia—three great lines which are planned and 
which will doubtless be built within the next two years. Those 
railroads are seriously considering the application of the alter- 
nating current to their systems. The single-phase alternating- 
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current system is suitable, except, unfortunately, when we come 
to the motors. We have yet to see an alternating-current motor 
which will start with a load and continue, with a full load, with 
any sort of efficiency, using a single-phase current. The tri-phase 
and the two-phase currents have been tested in various ways, 
and at Niagara Falls to-day we see the Westinghouse Company 
putting in a two-phase system which is to transmit power for 
long distances; and the flexibility of the two-phase system is 
such that a direct current at five hundred volts potential, a 
two-phase alternating current, and an alternating current for arc 
and incandescent lights can all be taken from it. When you con- 
sider that such a system exists you will not be surprised that 
railroad men turn to this system to help them out with their 
long-distance transmission schemes. They propose to build 
central stations, or one large central station, near a water power, 
if they can get it, or, if they cannot, near an easy coal supply, 
where the power will be generated and transmitted at high 
voltages, from five to ten thousand volts, to sub-stations at dis- 
tances of fifteen, twenty, or twenty-five miles, as the case may 
be, and there transformed or lowered to the necessary potential, 
five hundred volts, which is the accepted potential at present 
for motor-cars. Another point which has a bearing on this sub- 
ject is the fact that these railroad companies are aiming to 
secure the privilege of lighting the streets and houses of the 
towns through which the railroads pass, thus increasing their 
sources of revenue. Now, to do this, of course, they must have 
a system which is flexible enough for these different purposes. 
In the near future we may expect to see this two-phase system 
developed in such a way that it will be available for such pur- 
poses. At the present time it seems to be the one great hope 
of electrical engineers in this particular line of work, and we 
are all looking forward to these roads which are being built, and 
which will very soon—within a few months—decide positively 
on the system which they will use in this work. 

Mr. W. E. Partridge.—We have cars which are not locomo- 
tives, though they are self-propelled, running all around the 
country, and we have a variety of street-railway appliances for 
transporting passengers. One of the things that I am much 
interested in just now is the thing which comes between the 
rail and the car, that is, the wheel. What are we going to mount 
these cars on for wheels? We are using cast-iron wheels with 
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chilled treads at the present time, and they are wearing on some 
roads to the extent of 76,000 and 80,000 miles, and on some other 
roads they are wearing 16,000 miles. They are loaded any- 
where from 6,000 to 8,000 pounds, and on several roads they 
have 9,000 pounds per wheel. The heaviest Pullman cars run- 
ning only put about 7,500 pounds on their wheels, and they are 
not used for driving wheels. A trolley wheel running on a 
curve and being used for a driver acts very much like an old- 
fashioned paddle-wheel in the water. There is about 25 per 
cent. slip, as near as I can roughly measure it. When you put 
a cast-iron wheel grinding on a track which is covered with sand 
and dirt, and lubricated with the street water, you are attempt- 
ing to use an emery wheel for a driving wheel, and it is pretty 
destructive on the rail, and it is excessively destructive to the 
wheel. If any gentleman knows anything better for a wheel, 
anything that will last better than cast iron, I should be very 
much interested to hear from him. 

Mr. Jos. C. Platt—In a conversation in one of the Pennsyl- 
vania coal fields a few days ago with a gentleman who was en- 
gaged in putting in haulage plants, he spoke about the wear of 
mine wheels. Iam not positive now whether this was under 
steam locomotives or electric locomotives. But he spoke about 


_ the very rapid wear of mine wheels under such circumstances, 


and said that although the manganese steel wheels made at 


_ High Bridge, New Jersey, cost a great deal more than any other 


wheel, they wore so much longer that it was profitable to put 
them in. Of course, the wet coal dirt is not as bad in its 
cutting effect as wet sand, and therefore it is a little further 
removed from the emery wheel. 

Mr. John Platt.—On the 6th page of the paper Mr. Field 
makes a statement with which I think we shall all most heartily 
agree ; at least, those of us who are not particularly connected 
With some other system of electric traction. In speaking of 
underground conduit systems, he says: “‘ Underground con- 
duits, or the placing of the trolley wire with all its feeders 
under the surface of the street, is the ultimate and desirable 
result to be obtained in our large city lines.” In this connec- 
tion I would like to refer to the sketch of a system I saw work- 
ing in Massachusetts a few weeks ago. It possesses some novel 
features, which may lead to some of the results which have been 
spoken of as being desirable—preventing leakage, and the pro- 
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tection of the conductors. Referring tosketch (Fig. 158); Aisan __ 
elastic insulating envelope, the plant in question having arub- ~— 
ber tube, two and a half inches in diameter inside by about 
half an inch in thickness. A conductor, B, is fastened to the — 
bottom of the tube, and on the top a series of copper strips, C, 
about six inches long, are fastened to other contact strips, D, on 

the outside. A trolley, /, carrying four wheels, /, operated from 

the platform of the car, presses on the strips, D, depresses the 
envelope, and makes contact between the strips, C, and the con- 
ductor, B, contact only being made at the points where cars are 


6d}. of ze ef (fiat wo oven 
desde a sob up in yas 

od Divode Lori godt desl tadt 

sri 
srs pt yer otf 
de abner’ afa bag 


YO ont 
passing. The trolley and wheels are so constructed that they 
adjust themselves to any inequality in the track; the slotisto  __ 
one side of the conduit, so that any water running into it does 
not fallon the conductor. It occurred to me that this construction | 
might be of interest to some of the members present, and I shall a 
be glad if some of our electrical friends can give us information __ 
as to whether such a construction would be likely to last under 
ground for any length of time. The points which I have heard © 
raised against it are as to cost and as to the possibility of making _ 
such an elastic insulating envelope. fi 
Mr. Perry.—I am sorry that Mr. Field has not gone further 
into the possible future methods of distributing current for 
electric traction. As a previous speaker has said, the alternat- — 
ing current seems to have a very great future before it, as the 
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facility with which it permits of transformation from high poten- 
tial down to low potential enables us to transmit our energy 
economically at high potential, and then to reduce it for use to 
low potential. The same speaker said that the ordinary five- 
hundred-volt current could be carried twenty-five miles. I 
should rather doubt that. I do not believe there is to-day any 
five-hundred-volt current being carried half that distance. It 
would not pay to carry it that distance. The great bugbear to 
the multiple arc system, which is being used now extensively, 
and which involves all of these devices for utilizing referred to, 
is that it has this drop in the potential at the further end of the 
line, which is the product of the current into resistance of the line. 
Now, in laying out an electric installation such as an electric rail- 
way, we must assume that there will be a certain maximum load 
and provide for it, so as not to have the drop in the line exceed a 
figure which is permissible. But in an electric railway we have 
a variable load, which may be at the very end of the line, or it 
may be very near the station, and we have to prepare for some- 
thing which we cannot foresee. We will lay out the size of our 
conductors so as to be the most economical under one assumed 
condition, but that one assumed condition may exist for a few 
minutes only during the whole twenty-four hours. During the 
rest of the time our plant is working uneconomically either 
because of too much copper or not enough. The drop in poten- 
tial may be overcome by increasing the potential at our gener- 
ator, so that if we have double the load in our line and double 
our voltage, our loss will still be the same ; but if we could keep 
our current constant and vary the energy transmitted by vary- 
ing our potential, we would have then a system laid out on a 
plan which would be the most economical whatever the load or 
whatever its position with regard to the station. As it is, with 
the multiple arc system we cannot vary the size of our copper. 
Our variable there is the current. Our loss in the line is pro- 
portioned to the square of the current, so that, as two cars are 
put on, four times the loss in the line is inevitable. If we have, 
as we must have, our copper constant, and our resistances con- 
stant, and then vary the pressure, we can install once for all the 
most economical sized conductor. That would involve a series 
method of distribution, such as we have in the arc-light system. 
The same current, about ten amperes, goes through one lamp 
and then through the second, and so on all around the circuit. 
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As lamps are added, resistances, of course, are added, but the 
electromotive force is increased at the dynamo automatically 
in order to overcome those resistances. The series method for 
distribution, for moving translating devices, has not been suc- _ 
cessfully applied heretofore on account of the difficulty of in- 
troducing a moving translating device into a circuit in series _ 
with other moving translating devices. Mr. Brush, when he was 
first working on the arc-light distribution, used that method of __ 
distributing the current, and he found that, because the irregu- | 
larities of the line were cumulative, those of each lamp being 
added to those of all others, that the number of lamps which he | 
could successfully work by the series method was about three. _ 
He finally invented what was known as the “automatic cut-out,” 
so that when one lamp was accidentally put out the current was 
shunted, and in that way solved the problem of series distribu. __ 
tion to stationary translating devices, so that it is theoretically _ 
possible to put any number of lamps on the line, and the prac. 
tice is now to increase the number up to two hundred lamps, 
whereas two years ago sixty or sixty-five lamps was about the 
largest number. In increasing the distance to which we are _ 
going to send our current, to double it, we have to put in four © 
times the amount of copper by the present methods, and this — 
may be economical for one moment in the day, and uneconomical — 
for the rest of the time. a 
By the constant current method of distribution, if the copper _ 
installed is the most economical for any one load under given 
conditions of distance, it will always remain the most economical, _ 
whatever the change of load or its position. Or,inother words, _ 
if we can assume the traffic to be strictly proportional to the 
length of road, our investment in copper, if the constant current 
system be employed, will be strictly proportional to the distance 
and also to the traffic. Compare this with present methods, — 
where, under ideal conditions, the investment must increase as _ 
the square of those factors, and we see at once the enormous ~~ 
advantages possessed by the series system in cost of installation _ 
alone. Then as to operating expenses. In series distribution, __ 
if the brushes be reversed when bringing the car torestorin 
checking its speed on a descending grade, the motor becomes — 
a generator in series with the one at the power station, driven 
by the momentum of the car, or gravity, and therefore con- — 
tributes energy to the line to the last turn of the wheels. Thus — 
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the energy expended in bringing a car up a grade or in accel- 
eration is recovered for use again by electrically braking the car 
as it descends the grade or is brought to rest, instead of being 
frittered away as heat on the brake-shoe, as in present practice. 
The possible saving in operating expenses in this way is doubt- 
less far greater than most of us would suppose. 

Lieutenant Sprague made some tests on the Third Avenue 
(Brooklyn, N. Y.) road some years ago to determine just how the 
energy transmitted was utilized. If I recollect rightly, he found 
that 83 per cent. of all the energy generated on his car was util- 
ized in overcoming the inertia of his car and gravity, and only 
17 per cent. was used for traction. 

But the series system for railways has heretofore failed for 
the same reason that it failed for arc-lamps at first. The inven- 
tion of the automatic cut-out converted what was a failure with 
the arc-lamp into a most unqualified success. The automatic 
cut-out for moving translating devices has now been invented, 
and this, together with some additional improvements that have 
been made, whereby the potentials required may be kept within 
limits, has, I believe, put the series electric road in the same 
position as regards practicability as the series arc-lamp has 
long occupied. 

Mr. Oberlin Smith—I agree with the last speaker that the 
series system is the ideal one, and very likely will be the future 
one if anybody can succeed in inventing a good one, which has 
not been done yet. One of the greatest objections that naturally 
occurs to us, of course, is that with that system we would have 
to have such an enormous potential at the beginning of the line 
that it would be a dangerous current. Whether that could be 
made entirely safe, Ido not know. He said he did not believe 
there was a line running half of twenty-five miles. I would say 
there is a line running in front of my office where the current 
is carried thirteen miles. There is a perceptible drop in the 
current, but nothing to prevent the road from running smoothly. 

Mr,. George I. Rockwood.—Mr. Field suggests that steam 
engines appropriate for electrical work should be of the same 
kind as those used for rolling-mill work, his reason being that 
as the load fluctuates violently in both classes of work, and as 
the rolling-mill engine is found to be a success in furnishing 
power to rolls, it must be the only proper kind to useinelec- 
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The idea most of us have of a rolling-mill engine is one hay- 
ing its cylinders over the crank-shaft, short stroke, and high- 
speeded. However, in rolling-mills we like to have a small 
space occupied by the engine to allow of free access to the rolls, 
a feature not necessarily all-controlling in electrical stations. 
Really, the only fundamental advantage of the rolling-mill type 
of engine for direct-connected generators lies in the fact that a 
fly-wheel of small diameter and high-speeded is less liable to 
break off the arms when suddenly stopped than a larger wheel 
running at the same rim speed but at a less number of turns 
per minute. The stress and strains set up in the reciprocating 
parts by sudden stoppage of their motion are of small moment 
when compared with the danger of exploding a cast-iron fiy- 
wheel. I believe thoroughly in the advantages of a built-up, 
wrought-iron fly-wheel for engines carrying generator armatures 
on their crank shafts. 

The whole problem, viewed from the standpoint of safety 
under wrenching stresses, is solved when a fly-wheel is made 
which will stand jerks. 

Mr. C. J. Field.*—The paper was projected as a condensed 
summary of the subject, and was not intended or expected, on 
account of the length to which it would have extended, to go 
into details and particulars in all branches. As to the future 
development, the writer only indicated in a measure what lines 
he thought it would take, and therefore did not attempt an 
extended description of the probable development of alternating 
multiphase currents for railway and power work. Undoubtedly 
this branch is going to be one of the most extended and inter- 
esting parts of long-distance railway distribution in the next 
few years, but it is a branch which should be treated separately 
and by itself. 

With this explanation of the purpose of my paper, I will take 
up the points raised by the different parties. 

The first speaker, Mr. Henning, deals interestingly with the 
subject, and I admire his commendable zeal in trying to under- 
take to show where electric tramways should be improved. 
The speaker, I-think from his discussion, shows that he has evi- 
dently looked at it more from the point of view of an observant 
mechanical engineer, who, seeing some of the difficulties that 


* Author’s closure, under the Rules. 
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are there encountered, has not been sufficiently ecqusinted with 
the practical details to know wherein and how they can be 
- remedied, and why others have not been remedied. Mr. Hen- 
ning, I believe, unjustly condemns too widely the overhead 
trolley system as it stands to-day. I believe, as stated in 
the paper, that this system, as it is now developed, and prop- 
erly built, does and will fill the requirements of a large pro- 
portion of general cases in the majority of our large towns and 
cities. As designed and built by the best engineers to-day it 
is a good mechanical and electrical job, and I do not believe 
_ Mr. Henning realizes to the full extent how much time, energy, 
and skill have been expended in bringing it to its present stage 
_ of development and service. When we realize what the trolley 
is actually doing in giving good service, and the stage of de- 
velopment to which it has been brought in a few years, as com- 
pared with the many years of development on other traction 
systems, we can in a measure appreciate more fully what has 
been done. Electric railways to-day are giving better service 
than any other system of traction. 

The writer stated clearly and distinctly his views on the 
question of underground conduits, and that he believed they 
_were the ultimate and desirable result to be reached in certain 
of our large cities, and that they were now being introduced for 
that purpose on a successful basis. Experiments have been 
made on underground conduits, but the reasons for their failure 
in the past are those stated in the paper. There are those, how- 
ever, now being built in Washington and New York, which, I be- 
. lieve, will be beyond question successful, and will be shortly fol- 
lowed by their introduction into other cities. These conduits are 
built for double trolley open conduit, with insulated feeders run 
separately. Any conduit to be successful will be, in a majority 
of cases, a double trolley, and not a single trolley duct ; that is, 
it will have two wires instead of one, and will not depend 
upon the track for return. The reason for this is that the insu- 
lation can be better maintained, and liability to short circuits 
more easily avoided. The conductors in the conduit should be a 
rod of fair size, or angle or channel iron, with proper allowance 
for expansion and contraction ; these rods should be broken up 
into sections, in order to localize any trouble which may arise, 
and each section should be fed to by well-insulated underground 
feeders. Mr. Henning appears to havea very limited knowledge 
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of the cost of such a feeder system. The writer has installed 
underground feeders for overhead trolley in a number of cities, 
and he can say that these feeders alone cost, with their conduit 


with manholes, etc., for access, about double that of the over- = 
head trolley system per mile. At Buffalo and Philadelphia 


feeders are installed in this manner and connected to the track 


every half mile or so. At Philadelphia the feeders and mains c 


are placed entirely underground. At Buffalo only the main 
feeders are so placed. 


As to the comparative cost of the underground conduit, we gs 


do not believe that any successful underground conduit will be Fa 


installed at less than twenty to thirty thousand dollars per mile 
of single track. A first-class overhead span construction, with 
iron poles, etc., under the conditions of highest service, can be 
installed for a cost of about five thousand dollars per mile of 
double track, exclusive of main feeders. One of the main costs 
of an underground conduit is that large unknown factor of 
clearing right of way under the street. This is going to make 
the cost of an open electrical conduit with proper drainage 
equal to or even more than that of a cable conduit. One part 
where the cost will be less will be on curves and special work, as 
these will cost hardly any more than for straight work, whereas 
in cable conduits the cost runs very high on this special work. 
The main difficulty to be overcome in a conduit is insulation, 
and this is a subject with which Mr. Henning has had very little 
acquaintance on electric work when he says that there are over 
ten thousand different forms of insulators which can be used. 
Experiments have been made with almost every insulation, and 
it has come down in practical results to three or four different 
styles or kinds of insulation which are at all practical; and 
porcelain, with some secondary insulation added, seems to have 
proved the most successful. Probably some form of insulating 
material which is used on overhead construction, such as com- 
pressed mica and asbestos. combined, will also prove satisfac- 
tory for this work. It is not a question of absolute short cir- 
cuits or grounds so much as it is a question of surface leakage. 
One hardly realizes, unless he has actually looked into an 
underground conduit, the slime, filth, and other matter which 
are in it and afford the best means for surface leakage ; but, 
notwithstanding all these difficulties, there is no doubt that 
a well-built and properly drained and cared-for conduit can be 
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successfully operated, and this yeur will see several good-sized 
commercial systems in operation in this country. 

The system which Mr. Henning mentions as having been built 
by the Siemens-Halske Co. at Hamburg, and in which the diving- 
bell principle is used for keeping the water, etc., away from the 
trolley, is the Lachman system, and was installed by the Siemens- 
Halske Co. as an experiment. They are not as yet ready to rec- 
- ommend its adoption in other places, as they have not thor- 

- oughly tested it for a sufficient time. Those who have had large 
experience in the matter know that European methods in this 
regard are different from those in this country. In Europe the 
manufacturer installs a new thing at his own expense, and thor- 
oughly experiments with it and demonstrates its success or 
Then he is ready to put it on the market. In this 
country the manufacturer first gets an order for a new thing, 
and puts it in after having made a short shop trial of it, and then 
experiments with it at the expense of his customer. I do not 
wish to be understood as unjustly criticising the manufacturers, 
because it is their work which has done the most to develop the 
electrical business and put it in the position it is to-day; but 
there is no question that an unnecessary amount of experimenting 
has been done in the past at the expense of the customer. This 
is being done away with to a considerable extent, as manufac- 
_ turers are gaining more good experience and are better able 
to turn out apparatus as contracted for. 

The conduit in question at Hamburg was not placed on the 
ties, but on a special shallow yoke, to which about a five-inch 
girder rail was attached. In this country, with our deep girder 
rails of nine and ten inch section, it is possible with this form 
of duct to spike it directly to the ties. There are disadvantages, 
though, in these shallow ducts, which I think’ have hardly been 
appreciated by Mr. Henning and some others. If such a duct 
can be made successful, there is no question but that it can be 
made adaptable for many cases with a moderate traffic; but 
where the road has a heavy traffic, we believe a conduit of the 
general form and type of a cable duct, and somewhat deeper, 
perhaps, will be the one which will be successful. Shallow ducts 
were tried on cable work, and proved a failure. 

The Siemens-Halske Co. have adopted for their Buda-Pesth 
conduit for double-track road a form which does not appear to 
have been mentioned in this discussion, and which largely 
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reduces the cost for double-track conduit. They make a sili 
yoke, which goes between the two tracks, in which the two con- 
duits are placed between the tracks, close to each rail. This 
makes one excavation instead of two, and one yoke, with man- 
holes placed between, where they are accessible at all times. 
The trolley or plough is then suspended from one side of the 
car instead of from underneath. 

The question of voltage or pressure to be used in an under- 
ground system is of the utmost importance, and is a factor which 
Mr. Henning does not appear to be acquainted with or to appre- 
ciate. Of course, the higher the pressure, the less the cost of 
distributing the current ; but when it comes to underground con- 
duits, the problem of insulation increases so largely in difficulty 
that it is conceded that the most successful conduits will have 
a lower pressure than the standard of present overhead trolley 
systems, probably one-half or two-thirds. 

Another form of conduit which has been largely experimented 
with, and on which more patents have been taken out than on 
any other, is one of the many types of closed conduit in which 
some form of relay or magnet is used to cut in or out different 
sections of the circuit. This conduit, on the question of cost 
of installation, has many advantages, and if a surety of the work- 
ing of these magnets could be relied upon, it would undoubtedly 
be a very practical system. 

The Johnson-Lundell is one of these systems, and they have 
in New York city an experimental road of about 2,000 feet in 
length, in a vacant lot up-town, which has been in operation for 
the past year. The owners or controllers of this system are en- 
thusiastic believers in the conduit, have had a large experience 
on electrical matters, and thoroughly understand what they are 
undertaking ; and if such a conduit can be made a success, they 
will undoubtedly make it so. : 

The conduit which is described by Mr. Platt has undoubtedly 
a number of interesting features, but we think the main diffi- 
culty with such a form of conduit will be the question of flexible 
tubing which can be maintained and kept in good condition. I 
do not believe rubber can be used under the conditions existing 
therein, as it will quickly vulcanize and harden, and thus fail 
to operate. 

As regards the comparative leakage or loss of current in the 

overhead and underground believe that in a well- 
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‘built overhead system, as now being put up, the omnis of 


leakage is a very small matter—in the case of such asystem being 
less than one per cent. Of course this question of leakage varies _ 


with the different conditions of weather. In any underground 
system, no matter how well built, the surface leakage will ex- 
ceed this amount. With the old style of insulators and appa- 
ratus which existed a number of years ago, the leakage on over- 
head systems was a very large matter, but it is reduced now to 


a very small item, as above stated. In the case of a heavy sleet me 


storm that covers the line, there might be an increase for a few 
hours. But a conduit contains bare conductors, and no matter 


how good the insulation may be, on account of the dampness ~ Ig ae 


which exists there a large portion of the time there is going to 


be more leakage than in an overhead system. In either case, 
however, it is less than it is generally assumed or thought to be. 


As to the question of the distance of distribution with the pres- — + 2 
ent standard of voltage—that is, five or six hundred volts—it | 


is simply that of the cost of copper, and that results in the 


distance being simply a question of how much the business of = 


that line will stand for that additional investment, and also in the 


fact that the less the number of power stations, the less the cost — 
per car-mile ofoperation. We have found it advantageous where © 


the traffic is at all considerable to distribute from ten to twelve | “a d 


miles ejther way from power house, which gives the distance, 
assumed by Mr. Childs, of twenty-five miles, which we believe 
he meant as a total distance, and not twenty-five miles each way 
from the power house. The systems in many of our large cities, 


and particularly the ones which have suburban extensions, are 


running twelve to fourteen miles in a number of cases. Of course, 
in some of these cases there is a considerable loss of pressure 


at the extreme ends of the lines. Where sufficient feeders have _ 


been installed, an auxiliary installation is used in the station cog : 


for operating one or more generators at a higher pressure for 


feeding these long-distance lines, and the pressure over the > 
system is thereby better maintained ; and on any large system _ 
we believe this should be installed. Another method can be _ 
used in this connection for long-distance distribution, which has _ 
been devised by Mr. W. S. Barstow, of the Brooklyn Edison Co., 
in which a small auxiliary motor generator is used to increase ~ 


directly the pressure on certain long-distance feeders. 
Mr. Perry’s argument in favor of a series system instead of 
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parallel system is a sound one in theory. Mr. Perry mentions 
the case of the series arc-lighting system, but he fails to state 
that where electric light and power plants attempted to do a 
considerable amount of stationary motor work on their series — 
circuits it was not satisfactory, and, with the exception of one or 
two plants, a majority of these—at least those who have done it 
on any extensive scale—have changed over to multiple system, 
and use standard railway apparatus for their power distribut- 
ing circuits. 

I think this is sufficient proof of the fact that the muitiple 
system, although it is at a disadvantage, so far as it is theoreti- 
cally concerned, on the cost of distributing the current, has a 
strong advantage in the shape of apparatus for generating the 
current, and also for utilizing it for power purposes and motors, — 
both stationary and railway. The series system of railway 
motors has some advantages in the matter of returning cur- 
rent into the line when the car is running down-hill, and in some — 
other points, but they are not sufficient, up to the present time, — 
to warrant its introduction. The future may show some further 
improvements and extensions in this regard. 4 

As previously stated in this summary, we expressed our _ 
opinion as to the future of alternating power distribution. 
There is no question that the larger problems which are now | 
arising will be so handled, as stated by Mr. Childs. The — 
writer has had occasion to make some estimates on long-dis- 
tance lines, of one hundred miles or more, which are to be built —__ 
very shortly, and has found that by generating the current at _ 
10,000 or more volts, with multiphase current, locating these — 2 
generating stations thirty to fifty miles apart, according to — 
conditions and circumstances, and distributing this current at 
high potential by step-up transformers, then reducing it by an. 
down transformers and converting it with motor generators, or _ 
motors and generators, to a direct continuous current, that we _ 
shall in this manner solve the question of long-distance dis- _ 
tribution, and utilize our present form of motors. This will _ 
necessitate the location of small transforming stations every 
ten to twenty miles along the line, which stations, however, 
need be only a single room, with one or two of these genera-— 
tors in it, and will be practically automatic in their operation, 
and will require only slight attention and care. Some of the 
manufacturers oud inventors are ening still further, and hope 


| 
d 
2 
3) 
: 
ive 
Aire 


to use alternating currents direct on the motors, after they 
have been reduced, without converting them to direct currents ; 
and there is no question that on stationary power work this is 
and will be successfully done, and railway motors for alternat- 
‘ing currents are proposed to be built by some manufacturers. 
In all cases a multiphase current will be utilized. As Mr. Childs 
_ states, a single-phase motor has not been proven successful for 
motor purposes, in that a single-phase motor which will start 
under load has not been developed. 

We have to-day in this country a number of examples of long- 
distance power-distributing plants, using multiphase current, 
and the largest and most prominent example of this kind is the 
plant at Niagara, now almost ready, where millions of dollars 
have been invested. 

The writer regrets, although the discussion of the paper has 
been very interesting, that, especially before the Mechanical 
Engineers’ Society, the parts of the paper which relate directly 
to the mechanical engineer were not more fully discussed. He 
believes that the mechanical engineer has done and will do 
much toward the perfection of the mechanical details of electric 
railway equipment and its operation, and that the failures, or 
partial failures, of work in this line, in some cases have been 
due to the lack of sufficient mechanical engineering. 

As to the development of electric traction as compared with 
steam railroads, a commencement has been made, and a fair 
one, and we have a number of steam roads in the country com- 
mencing to adopt the system for some special cases on their 
roads. This will lead to more extended work. Some of these 
problems I have indicated in the paper. There is no question 
that the field for electric traction is going to be a far wider one 
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than in the past, and the future development in these different 


lines is almost parame comprehension and foresight. 
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“dome atte RELATIVE TESTS OF CAST IRON. iW 

KEEP, DETROIT, MICH. aig WHR 
- MONOGRAPH, BASED ON TESTS MADE FOR THE COMMITTEE ON 

UNIFORM METHODS OF TESTING MATERIALS. 


THE series of tests which forms the groundwork of this paper 
were made by the author as a member of the Committee of the 
American Society of Mechanical Engineers on Uniform Standards 
in Test Specimens, and Methods of Testing Materials. It is 
commonly assumed that the average record of a number of small 
test bars of steel will indicate with sufficient accuracy the qual- 
ity of a large piece of the same steel. Another piece of steel, 
having the same chemical composition, is supposed to have the 
same physical qualities. 

For the most part the study of cast iron has proceeded on the 
assumption that it could be treated in the same manner as steel. 
This view is, however, entirely incorrect. Cast iron is a very 
complex material, composed of a little more than ninety per cent. 
of pure iron, combined both chemically and mechanically with 
various metalloids, the principal of which are carbon, silicon, 
phosphorus, sulphur, and manganese. The material could not be 
melted and cast into moulds if it were not for the presence of the 
first two, and it seems almost impossible to prove that the rest 
are injurious. We mean that, in such small quantities as they 
are generally found in merchantable pig iron, they do no harm, 
and perhaps, for foundry uses, are a positive benefit. Carbon 
and silicon are certainly not impurities.} 


* Presented at the New York meeting (December, 1894) of the American Society 
of Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+ Copyrighted 1895, by W. J. Keep. 

+ A full chemical analysis of each pair of test bars has been made by Mr. R. N. 
Dickman (71 Atwater Building, Cleveland, O.), assisted by Mr. John Douglass, 
and by Messrs. Dickman and Mackenzie, 1224 Rookery Building, Chicago. 

All test bars 1” 0, and 1” ©, and 1" x 2” have been made by Professor R. C. 
Carpenter and Mr. C. E. Houghton, at Sibley College, Cornell University. 

All 2” o, 8” 0 and 4” © test bars have been tested by Professor C. H. Benja- 
min, assisted by Messrs. Lyman Marshall and L. G. Robbins, at Case School of 
Applied Sciences, Cleveland, O. 


The twelve series of test bars | were made at the Detroit Stove Works, L. 
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Cast iron is very much affected by any change in chemical 

composition, and its quality depends much upon the size or 
shape of a casting. 

In melting cast iron the heat of the cupola, the intensity of the 
blast, and the manner in which the melted metal is handled, have 
a decided effect on the physical character of the casting. Differ- 
ent castings poured from one ladle of iron will vary in quality, 
and such variation cannot be explained by chemical analysis, 
as the chemical composition seems to be the same in both. The 
difference seems to lie in a different crystalline structure. 

Direct Trsts.—Such irregularity in cast iron, which was 
expected to give uniform results, has led many to feel that the 
only reliable test of a casting was to break one which was an 
exact duplicate. Others hold that the test piece should be as 
nearly as possible the size of the casting, while others claim that 
atest piece should be of such asize that it should be an average 
of all castings made in a foundry, since it is not practicable to 
make one the size of each casting, and because each casting varies 
in size within itself. Some have suggested that a model be made 
of the casting; but this is the most incorrect of all, as a change of 
size at once changes the whole physical character of cast iron. 

RELATIVE TESTS are such as are applicable to every case. For 
such a test any size of test piece might be selected; and 
having made one test record, every other record by the same 
method is so much greater or less than the original, which is 
regarded as standard. There is a direct relation between the 
test results and the composition of the iron, also between these 
and the size of casting, and also the shape. A relationship also 
exists between the test results and the conditions attending the 
melting and handling iron, and the making of the castings. 

It would be well to fix upon a given size of test piece, which 
could be used by all, and a definite routine in producing it 
should be prescribed so as to prevent variations in conditions as 
much as possible. The only variable would then be composi- 
tion. The test results would then in regular foundry practice 
indicate changes in composition. If the composition and routine 


Additiona! series of test bars are to be made from white iron, car-wheel iron, 
and from both heavy and light machinery iron. 

Full analysis of these wil] also be made by Mr. Dickman. 

A full report will be made at the meeting of the A. S. M. E., to be held in 
Detroit the last week in June, 1895. 
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in each case was known, records obtained by different persons 
could be compared. 

It is the object of this paper to provide a means for determin- 
ing the physical quality of a casting of any size or shape, from — 
the test record of any size of test piece which it may be thought __ 
best to use. = 

Tue Present SeRies or Tests.—It was decided to make 
enough test bars of definite composition, and of such sizes as 
would establish, experimentally, the relationship between the | 
physical quality of test bars of any size and form that had ever 
been used for cast iron. We could then make rules, and con- 
struct charts, by which a test record of any size of test bar could 
be deduced from the record of a test bar of any othersize. We 
could reconstruct formule which might be found incorrect. _ es 
We could show by charts and diagrams the influence ofa __ 
change in composition on any size of casting. : 

Pia Iron For Tests.—We desired to use gray iron with aslow 
silicon as would be used in any foundry making gray iron cast- 
ings. Iroquois Furnace Company, of Chicago, sent us three tons — ‘ 


very strong and tough inthe pig. It contained TC 4.07, GC 3.15, - a 
CC 0.92, P 0.23, Si 0.85, S 0.035, Mn 0.50. (G.D. Chamberlain, _ 
Chemist.) This iron was made from Lake Superior ore with coke. __ 

The Ashland Iron and Steel Company, of Ashland, Wis., also” Be: 
sent us three tons of. charcoal pig iron, brand “Hinkle,” also 
from lake ores, containing TC 3.507, GC 2.69, CC 0.817, P 0.13, 
Si 1.09, S 0.015, Mn 0.72. (E. E. Johnston, Chemist.) Bothof 
these companies analyze each cast, and furnish iron on a guaran- __ 
teed analysis when required. Ye 

The “ Pencost” ferro-silicon, by which silicon was added to _ 
these irons, was made at Bessie Furnace in the Hocking Valley es 
district, from carbonaceous ores with coke. It contained — 
TC 2.833, GC 2.072, OC 0.761, Si 10.87, P 0.49, S 0.142, Mn 0.70 — 
(another analysis of another pig gave Si 10.27, and this iron was 
purchased on an analysis of Si 14.77). 

The following analyses have since been made by Mr. Dickman: © 


Iroquois 
Hinkle 


| 

— 

oO. a essemer pig iron, Of clear unliorm gray racture, 

| 

TC. Gc. ce. Si P. 

98 | .085 | .225 | 

Pencost...........|° 2.79 | 2.04] | 11.00} .015 | | 670 


e would have been glad to make a similar series with South- 
ern pig iron, but could not get such an iron in time with a guar- 
anteed analysis. Series 13, 14, and 15 are from a regular foundry 
mixture of numbers 2 and 3 foundry, and numbers 1 and 2 soft 
Southern pig (De Bardeleben, Ala.), softened with a Northern 
(Ky.) silicon iron, containing about five per cent. silicon. Series 
16 is from C. G. Bretting & Co.’s foundry, Ashland, Wis., is made 
of one half No. 1 Hinkle pig iron and one half machinery scrap, 
such as old pulleys and the scrap from an old matcher. The 
castings from that heat consisted of pulleys, gears, some philied 
work, and cylinder packing rings. 

. Six series of test bars were made with Iroquois pig poe six 
series with Hinkle pig iron; three series with De Bardeleben 
pig iron; and one series with Hinkle and scrap iron. 

All series were melted in a cupola with Connellsville coke ; the 
first twelve series were each melted separately, but the three 
De Bardeleben series were regular foundry mixtures of the 
Michigan Stove Company, while the last one was cast from a 
regular foundry mixture with “ Hinkle” pig iron. 

Mr. Dickman’s analysis of the coke used in the first twelve 
series was: Fixed carbon, 90.35; volatile matter, 0.94 ;ash, 8.71= 
100. Sulphur, 0.97; phosphorus, 0.021. 

(A full analysis of the half-inch test bars of each of these 
series may be found in Tables XVII. and XVIIL), 

Description oF Test Bars.—Each test bar for transverse test- 
ing was cast horizontal, two bars exactly alike being run from the 
same gate, which was set so as to feed the iron from the under 
side of the casting. There was one gate near each end of the mould. 
This arrangement would make the lower half of the casting solid, 
and if imperfections had appeared on the upper surface they 
would do comparatively little harm, as each bar was placed in the 
testing machine in the position in which it lay inthe mould. Cast- — 
iron yokes were bedded in the sand so that parallel iron surfaces © 
should form the ends of the mould to chill each end of the bars, _ 
and to permit of the measurement of the shrinkage of the bar. 7 

The iron charged in the cupola for the six series of both _ 
Iroquois and Hinkle contained 1.00, 1.50, 2.00, 2.50, 8.00, and 3.40 | 
per cent. of silicon, which would represent all gray iron mixtures © 
for machinery and light castings. To represent all sizes of test — 
bars in use, and all sizes of foundry machine castings, the follow. 
ing test bars were made in each series: 
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2 test bars j,"’ x 1” 
10 test bars O 
2 test bars 1” 
2 test bars 1” 
2 test bars 1” 
2 test bars 
2 test bara 1” 
2 test bars 1” 
2 test bars 2” 
2 test bars 3” 
2 test bars 4” 
4 test bars %" O 
a test bars 


14”) 

26" Engineers In fie 17 series 
there were 612 

Architects... of these test 


a5 Water works bars for testing 
transversely or 


20 0 


by cross break- 
Heavy castings ing. 

9" 
iat For comparison 


oooxxooo00 


For tensile test the following bars were made in each series: 

Two test bars, 14” O x 12’ with spherical heads; two test bars, 
43” © x 6” with spherical heads ; two test bars, 1}” O x15” to be 
turned to 14”; or 102 bars in all for tension. 

For compression, cylinders were turned from the broken ends 
of the last-named bars. 

DescripTion OF Founpry Work.—The Detroit Stove Works, 
having a small cupola adapted to such work, volunteered to make 
the required castings. To give an idea of the magnitude of the 
experiments, it must be explained that it took one moulder a day 
and a half to mould a complete set of bars for the first cast; next 
day casting began, and it took six moulders and one melter three 
days to complete the twelve series of Iroquois and Hinkle bars. 

The following table gives the information which will be needed 

in making a study of the test bars : 


Date, Average 


1894. 


utes Melt- 
ing. 


Cupola Scrap. 


Coke between 
Heats 
Coke Charge. 
Silicon- 
Sprues Scrap 
Total 
Loss of Iron. 


| Min 


| 
| 


ODI COD 
oon 


coosss 


546 
— 
x 
x 
x 
x 
x 
— 
=z 
— 
4 
iz A 
| 
Aug. 16 600 | 698 7 | 559 | 69 47 (675 
q 400 | 658 | 42 | 573 | 88 Ibs. 
ii 400 | 622 78 | 5389 | 68 toeach (662 7 
a es + 700 | 587 | 118 | 558 | 69 of the (674 w 6s 
ee i 600 | 552 | 148 | 523 | 68 nine (638 a 
met, Aug. 17 600 | 517 | 1838 | 581 | 67 heats; 633 
600 | 700 | 0 | 539 | 79 | ‘685 
600 | 664 86 | 544 | 52 1643 
| 600 | 628 | 72 | 580 | 581bs. (639 
| ee: Aug. 20 | 10 650 | 592 | 108 | 494 | 69 average (607 14 ae 
oan “4 11 650 | 556 144 | 544 | 59 of last (656 9 ; as 
ee “ 12 600 | 520 | 180 | 559 | 75 three 687 ~~ 
j 
| 


bserve that the Iroquois series ends with the first cast of the 
second day. The cupola began to clog with slag after the first 
heat, owing to its standing still between heats; limestone did not 
thin the slag, but quicklime did better. After heat 5 the slag 
had chilled so as to prevent another heat, but in each heat the 
slag did not affect the melting. At heat 9 the shell became too 
hot to continue, from the wind having been kept on continuously 
during the day between heats, to prevent an accumulation of slag. 
As soon as the iron was all melted it was all drawn off into ladles. 
First, two bull ladles were filled, taking about 250 pounds ; with 
these the 4-inch bars were poured and then the 3-inch bars. The 
rest of the iron was caught in ladles holding 50 pounds. The half- 
inch bars were poured with iron caught soon after the bull ladles. 
Aside from those mentioned, no order was observed in pouring 
the rest of the bars. The 4 and 3 inch bars were shaken out at 
once, so that moulding, could begin again. In charging, the sili- 
con iron was put in first. There are objections to the routine pur- 
sued, but there are equal objections to any practical modification, 
DeptH oF Cuitt.—Each test bar was cast between yokes pre- 
senting a chilling surface to each end. The iron entered from 
the under side of the mould, three inches from the chill at each 
end. It will be seen that the iron first struck the bottom edge 
of the chill and rose along its surface as the iron filled the mould. 
In the half-inch. bars, and to a less extent in the one-inch bars, 
the moulds were filled more quickly, and with less agitation of 
the metal on the chilling surface. We have often previously 
noticed, even in half-inch bars, where a chilled end of a bar has 
tilted up and fallen inward so that the fluid metal would flow 
around it and against the chill. The smaller test bars seem 
to give the truest indication of chill, and in the larger bars the 
chill is wholly washed away after the chill surface has become 
too hot to produce achill. This isproven by the followingchill _ 
records, there being only one gate atone end ofthemould:; 


TABLE Il. 
DepTH OF CHILL. 


Number of Series. 2 3 4 g 8 9 10 11 12 


1” Obar, end away from gate| .15 | .04 | .05 | .80 | .03 | .10 | .04 .02 
nearest | .55 | .19| .10; 0 | .02 | .01 
0 0 0 
0 0 0 


06 
1” +2” bar “‘away from gate 


** nearest 
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All other bars had two gates, and in most cases the chill is 
entirely washed away, as shown by the following table : 


tre 


si Average depth of chill in test bars. 
3¢’’ bars. #0 1/742” 3’ o 
1 .83 .80 .80 .8n .80 .80 .80 
2 1.09 .63 .80 0 01 .30 320 
1.78 .09 .04 0 0 0 
2.18 12 0 0 0 
2.42 .05 .05 0 0 0 
*, 2.74 .07 .08 0 0 0 0 
7 91 .80 .80 .60 45 80 
1.16 .86 .80 15 05 
93 65 25 45 20 
4 
10 2.84 .05 .05 0 0 .04 0 
11 2.56 .07 .08 15 0 0 0 
2.77 .04 0 0 0 0 


_ The fact that in series 1, where the chill was deep enough to 
prevent its being moved, it was the same in each size of test bar, 
_ shows that the depth of chill is the same whatever be the size of 
the casting, and that a small bar gives the same record as a 
larger one, and that in a small bar the chill is not likely to be 
moved. It also shows that, if a good chill were the main thing, 
_ the chilling surface should be made so that the iron should not 
move after it has reached the chilling surface. It is evident 
that the depth of chill is related to the percentage of silicon in 
the casting, but the quality of the metal melted exerts a great 
ae influence on chill. The iron first taken from a cupola has a 
aay greater depth of chill than that drawn later on, as shown by the 
— depth of chill in the half-inch bars of series 7 and 9. 
ahs Founpry Cuemistry.—For the benefit of those who may not 
a be familiar with the action of the various metalloids which exist 
_- cast iron, we will at this point give the chemical facts with 
which a founder must be familiar and which are necessary for 
ae “the study of cast iron.* 
ae ManaanesE need not be feared when it is below one per cent. 
in the casting. Ordinary foundry irons do not bring into a 
_ foundry mixture more than this quantity. When above one per 


* Paper read at Foundrymen’s Association, Philadelphia, April 4, 1894. 
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phe 


cent. it may increase shrinkage and hardness, but it not 
increase combined carbon. It does not turn iron white nor in- ou be 
crease a tendency to chill.* oe 
PHOSPHORUS in the quantity usually found in cast ironexerts __ 
no influence on the physical quality, but it slightly reduces 
shrinkage. It has no effect on carbon. It adds somelife tothe _ 
iron. It weakens the iron when it contains much over one per 
cent., but American pig iron will rarely impart to castings more 
than this percentage, and for this reason it may be ignored.+ 
SuLPuHuR is an element which many claim to be in cast iron what 
poison is to life, because it seems to affect steel in that way. It 
seems very difficult to prove that in the quantity found in gray pig 
iron it either does any harm or good. In remelting, the iron often — are “s 
absorbs as much more as the fuel contained, but gray castings ee z 
do not generally contain more than .05 and rarely more than .10 
per cent. of sulphur. Perhaps such an amount has a slight 
effect on the chilling quality. There is, however, not the slight- _ 
est indication that sulphur is in any way beneficial. Sulphur 
will get into a casting from the fuel, and chemists are accustomed 
to lay any unexplainable peculiarity to sulphur. If sulphur > 
should exert any evil influence, a slight increase in silicon e- 
would at once counteract any effect.} 
Carbon is the important in cast iron. ‘Without 
it, iron could not be melted readily and made into castings. The 
percentage of total carbon determines the melting point of S 
iron. Carbon in melted iron is probably always combined (or 
dissolved), and more can be retained by the iron when fluid 
than when cold. On cooling, any surplus separates out into fs: a 
graphite and makes a gray casting. Total carbon, no doubt, — a4 
exerts an influence on strength. . 
Carson directly influences shrinkage. 
Grapaitic Carson, by dividing the grains of metal, softens cast 
iron; it also removes brittleness, and by the mechanicalsepara~ 
tion of the grain may cause weakness; but so many variations 
occur that the only way to be certain as to strength is by actual 
testing. This form of carbon accompanies an open grain, which 


* Keep, ‘‘ Manganese in Cast Iron,”’ Trans. Am. Inst. Mining Eng., Vol. XX., i : 
p. 291, 1891. 

+ Keep, ‘‘ Phosphorus in Cast Iron,” Zrans. A. J. 
1889. 

Keep, ‘‘ Sulphur in Cast Iron,” Engineering Congress, Chicago, 1893, Trans. 
4. I. M. H., Vol. p. 382. 
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gives trouble in large castings, especially in those which must 
resist hydraulic pressure, by causing a spongy and open grain. 
It sometimes causes difficulty in obtaining the requisite strength, 
closeness, lack of brittleness, softness, and low shrinkage. 

Sruicon lessens the ability of the iron to hold carbon in the 
combined state when cold; therefore, any increase of silicon will 
decrease the combined carbon. 

Silicon is of little use in cast iron, except as it acts on carbon. 
Its influence is not direct, but acts through its change of the car- 
bon. The greater the quantity of combined carbon present, the 
greater will be the influence of silicon. 

An iron deficient in silicon will be white in a small casting, 
because the formation of the crystals is so rapid that the flakes 
of graphite are too small to be seen. 

A large casting from the same metal, by cooling more slowly, 
not only has a coarser crystalline structure, but the flakes of 
graphite are larger and give a color to the casting. From such 
an iron a small casting may be white, a larger one mottled, 
and a very large casting may be gray. If the small casting 
were made to cool as slowly as a large casting, or if it were 
annealed, the same change in crystalline structure would take 
place, and the color would be gray. Silicon is the controlling 
element, and is the only element that the founder need take 
account of, except to see that the iron contains sufficient carbon 
for the silicon to act upon. By silicon changing combined car- 
bon into graphite, the casting occupies more volume than if the 
carbon remained combined. This is one cause of a decrease of - 
shrinkage. Within limits, the more silicon the less combined 
carbon, and the less shrinkage. As silicon grows less, shrinkage 
increases.* 

SHRINKAGE OF CasT Inon.—The general understanding is that 
the shrinkage of a casting is the difference in length between 
it and the pattern from which it was made, or rather between it 
and the mould in which it was cast. It is given in thousandths 
of an inch per foot of length. A pattern-makers’ shrink rule 
is one-eighth of an inch longer than the standard foot, as for 
practical purposes cast iron is estimated to shrink one-eighth 
of an inch to each foot of dimension. As a matter of fact, the 
shrinkage is a very. variable quantity, and is influenced by 
the composition of the iron used, and by the size and shape of 

* Keep, “‘ Silicon in Cast Iron,” 4. J. M. Z,, Vol. XVII., page 863, 1889. 
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- RELATIVE TESTS OF CAST IRON. 
the casting. The fluid iron by its weight fills every p 
of the mould. That which first touches the mould cools and 


becomes solid, crystals forming on all such surfaces. New a 
crystals form on the inner surface of this shell untilthe metal —_ 
becomes rigid. As soon as this shell is rigid, it begins to 


contract in every dimension, and this continues until the cast- 
ing is perfectly cold. In all castings, on the formation of each 
crystal, portions of the component elements of the cast iron sep- 
arate out and are caught between the crystals of iron. The 
principal element which thus separates is graphite. The size 
and compactness of the crystals is due to the size of the casting, 
which is a secondary cause of variation in shrinkage. All carbon 
in fluid iron is supposed to be combined with or dissolved in the 


iron, and fluid iron is capable of holding more carbon in combina- — ae 
tion than it could hold when cold. Forthisreasonpigiron that 
is saturated with carbon, that is, contains all that it can dis- = 
solve and hold when it is melted, will be gray when it solidifies, _ ‘ 
on account of the particles of black carbon being caught be- _ 


tween its crystals. Silicon lowers the saturation point for car- 
bon at the temperature of solidification of the iron, so that, by © 
adding silicon to cast iron that is not gray, it will become so. 


Silicon of itself increases shrinkage and hardens cast iron, but — ak: 
by its influence on carbon—that is, by driving it out of the com- 
bined state—it softens the casting and decreases shrinkage. We 
therefore say that silicon in foundry mixtures controls shrink- — a ' 


age and softens cast iron. When a farther portion of the fluid _ 
metal inside the rigid shell solidifies, it also shrinks and tends to — 


pull towards the shell, and when the last portion at the center ; a 
solidifies, there may not be enough to fill the spaces and form a re. 


solid casting. J 
If a cavity is likely to be left at the centre of the casting, by — 


churning the metal in the gate, a connection may be made to the of oe, 
open spot, through which fresh fluid metal may be fed tofill 


such cavity. The slower a casting cools, the larger will be the _ 

crystals ; therefore, a large casting will shrink less in its outside _ 

dimensions than a small casting from the same metal. 
The amount of shrinkage then varies : ‘ 

First, in proportion to the total quantity of carbon in the pig 

iron. 

_ Second, in proportion to the percentage of silicon present 
Third, in proportion to the size of the casting. 
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In these truths the foundryman will meet 
exceptions on account of varying conditions, some of which we 
will mention. 

An iron which has received the required silicon in the blast- 
furnace has generally a lower shrinkage than when the silicon is 
added at the time the iron is re-melted. For example : 

Gaylord white pig iron (Si 0.18), with Si increased to 2.42 per 
cent., gave shrinkage .160 for a half-inch bar. 

F"M gray pig iron (Si 1.25), with Si increased to 2.41 per cent., 
gave shrinkage .140 (half-inch bar). (Edward Orton, Jr., chemist.) 

The silicon in some high silicon irons will exert more in- | 


fluence than that contained in others. Forexample: _ 


Per cent./Shrinkage. | 
crucible. bar. 


Pencost |250Si| . 880 E. 
Ashland |2 378 G. 
5 Dayton (2.50 | H. 

R. 


. Fleming. 
Sloss . 407 


. & Co. 


The latter Sloss silicon iron contained only 1.21 total carbon, 
and did not leave enough carbon in the casting for the silicon to 
act upon. The treatment of the iron in re-melting and in handling 
before it reaches the mould influences shrinkage, hardness, and 
strength. 

The iron that first comes down onto the cupola bottom is 
harder and has a higher shrinkage than that which comes after 
the cupola is thoroughly hot, though it may contain more silicon. 
For example : 


TABLE V. 


Shrinkage bar, Strength }’’ bar. 


First iron with 3.22 per | cent. Si -163 890 
Last 3.14 .121 400 


(Analysis by Cary & Moore, Chicago.) 
And the average difference for eleven days between the shrinkage 
of the first iron and that half an hour later was 0.026. These 


results were obtained at the works of the Michigan Stove Co. 
with Southern iron. 
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Iron as it comes from the blast furnace generally has a less . 


shrinkage and is softer than after being re-melted in a cupola, as 


the following will show ; 


TABLE VI. oe 


A Hatr Incu Square Bar. 


8. . | Mn. | Shr. | Str. | Chemist. 


Iroquois, crucible. .| 3. .88 | .157 | 824 |Jobnston. 
Cupo 8 35 


-172 | 888 |/Dickman. 


As seen in Table VII. (and in XIX.), irons having the same > 


chemical composition may have totally different physical — : 


qualities. 


Silicon. Shrinkage. 


mixture, 3.24 2.87 
Another 3.08 2.85 me: 


(Anderson, Chemist.) 


In these cases, taken from the results of September 19th and — & 
October 2d of Table VIII., both were tested in the same way, — 


and the chemical composition is substantially the same, and yet — ao 


the physical qualities are very different. 


On account of the exceptions to general rules, there is no given — 


shrinkage for any given percentage of silicon. There are too 
many unknown conditions occurring in foundry practice to make 
the metallurgy of cast iron an exact science. For these reasons 
it is impossible to prescribe a given chemical composition that — 
will at all times give a required physical record. All estimates — 
must be approximate. But in one shop, with substantially one Ff 


mixture, the shrinkage record will vary in proportion as silicon 


varies. 


CONTROLLING A FOUNDRY MIXTURE BY THE SHRINKAGE OF A HALF- 


INCH TEST BAR. x 


Table VIII. is a record of tests of half-inch bars from a foundry 


running four days each week, making thin castings wholly from, _ 
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Southern iron, softened by a Northern silvery iron. The indi- 
vidual irons were varied on account of irregular receipts from 
the furnace or for other reasons. For several months previous 
the shrinkage had been kept quite uniform at about .130. But 
on and after September 20th the iron received contained less 
silicon, though the appearance of the pig iron gave no such 
indication. From September 25th to 28th the mixture was all 
Southern, no silvery iron being used. After that date the extra 
necessary silicon was imparted by the silvery iron. 

It will be seen that the shrinkage is as good, if not a better, 
indication of the silicon required, than the actual chemical analy- 
sis. The hardness of the castings varied with the shrinkage. 


TABLE VIII. 


All records are those of a half-inch test bar. 


CTION 
LBS 


+1N. Bar. 

AT 400 LBs 

DEPTH OF 
CHILL 


SHRINKAGE 
STRENGTH. 
DEFLECTION 


STRENGTH 

DE 

av 400 LBB. 

DeEprTu OF 
CHILL. 


SHRINKAGE 


| 


| 


(Duncan Anderson, Chemist.) 

The strength and deflection are the average of three half-inch 
square bars. 

While these shrinkages and silicons may not correspond with 
those of another foundry, yet compared with each other there 
is a direct relationship between shrinkage and silicon. Often 
by changing the quantity of each pig iron in a mixture without 
affecting the percentage of silicon, the shrinkage may be changed 
on account of the physical quality of some of the irons. Often 


this physical constitution will exert more influence than the 
chemical composition 
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But for everyday practice, whether with one uniform mixture, — 
or with a special mixture, if the shrinkage of a half-inch test bar 
is greater than the standard shrinkage, increase the silicon until . = 
it comes down again to the standard. (In Table VIII. the 
standard shrinkage was .125 to .130. For ordinary machine 
irons it would be near .150.) 7 me 

RELATION OF SHRINKAGE TO THE SizE oF Castina.—The varia- 
tion in shrinkage i in different sizes of castings is due to the dif- _ 
ference in the rate of cooling. The larger the casting the larger aa 
will be each individual crystal, and the looser will each crystal | s 
fit into those next to it. 

This causes the casting to have less shrinkage, and is inde- 
pendent of the chemical composition of the iron. 

Table IX. shows the shrinkage of each size of test bar in the 
six series made from Iroquoisiron, 

bat 


DickmAn’s SILIcoN ANALYSIS, AND SHRINKAGE PER Foor or Test Bars. 


upposed 
i 1” x2” 2” 0 
ture. 


BRSSRR 


_ Table X. shows the shrinkage of the six series of “ Hinkle.” 


Dickman's ANALYSIS, AND SHRINKAGE PER Foot or Test Bars. 


1” 1° = 9” 3” 


No. Serrgs. 


Shr.| r.| Si Shr.| Si. | Shr.| Si] 
1 181 | .72| .116| .88 | .102 
2.17 | 069 2.50) 089 
4 .099 | 2.17 | .066/ 2.67) 
5 .075 | 3.67 | .067| 4.67] 
6 077 | 4.30 | 1085 | 3.22] 5083 j= 
; 
Supposed |—— 
— 
Si. | Shr. 
| 1.00 | | .86.| .144| 90 | .189 15 | 1.12 
8 | 1.50 | 1:16 | ‘160 1145 | 1.10 | 126 | 1.22 | 98 | 1.08 
i 9 | 2.00 | | 1158 "141 | 1,05 | | 1.00 | | 3.54 
10 | 2:50 | 2:84 | 124 | 2:70 | [092 | 2.00 | 75 | 1.57 
x 11 $.00 2.56 | .157 "102 | 2.97 | .090 | 2.49 | .062 58 | 2.84 Bee 
38.50 | 2.77 | -098 | $.41 | 092 | 2.91 | | | 2.95) 
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Table XI. shows the shrinkage of De Bardeleben (Ala.) pig — 
iron. 


Dickman’s SILICON ANALYsIS, AND SHRINKAGE PER Foor or Test Bars. 

upposed 

icon in 
Pig Mix- 

ture. 


1” x 2” o 4” 


No. SERIEs. 


Si. | Shr. 


2.70]. 2.81 2.79 | .072 
8.13 | .130 | 3. 3.19 | .079 
3.29 8.52]. 8.48 | .091 


Table XII. shows the shrinkage of “ Hinkle” and “Scrap.” 


ABLE XII. 


C. G. BRETTING. 


JOHNSTON’s SILICON ANALYSIS, AND SHRINKAGE PER Foot oF Test Bars. 
Supposed 
Mie 1” x2” 2” c 4” 

ture, 


Si. .| Si .| si. | Shr.| si. | Shr. 


1.82]. | .129 


Chart XIII. (Fig. 159) illustrates the results of Tables IX. and 
XI. graphically. 

Chart XIV. (Fig. 160) is a graphic record of the results in 
Table X.) 

These charts, and Tables IX., X.,and XI., show the two influ- 
ences which affect shrinkage, viz.: First, as silicon increases’ 
shrinkage decreases. Second, as the size of a casting increases 
the shrinkage decreases, and this is independent of the chemi- 
cal composition. 

This latter proposition is true, because as the size increases — 
the rate of cooling is necessarily slower, which causes the crys- 
tals to be larger, and to be more loosely joined together. P 

The crystals, therefore, occupy more space, and the casting 
is thereby larger than it would have been if it had been cooled 
more slowly. 


3 
ig 
Ea Si. | Shr.| Si. | Shr.| Si. | Shr. Si. | Shr.| Si. | Shr. S 
— 
14 2.94} .063 | 2.81 | .085 
13 8.20 | .072 | 3.15 | .052 
— 15 8.75 | .078 | 3.42} .082 
4 
ites 
q 
Si Shr. | Si. 
ee se 16 cove 1.86 | .171 | 1.77 | .151 | 1.77 | -100 | 1.80 | .069 x 
Le 
= 
5 
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The rate of cooling is represented by the ratio is, 


cubic contents in inches divided by the square inches of cooling hes i 
surface. In Charts XII, XIV., and XV., horizontal measure- 
ments represent the ra‘e of cooling, and perpendicular meas- 
urements represent the shrinkage per foot in length. 


The ratio Tepresenting the rate of cooling of a half inch ag 


square test bar is .12; that of a one inch square test bar is .25, __ 
etc. 
The half-inch test bar cools so rapidly that its shrinkage rep- 
resents the influence of the silicon in the test bar; therefore, — i 
the shrinkage records plotted on a perpendicular line represent- 
ing the ratio .12, show the shrinkage of a half-inch test bar, 
due to chemical composition. 

Any increase in the size of the test bar (which is equivalent 
to slower cooling) will cause the crystals to be larger and the 
shrinkage to be less ; therefore, we find that the shrinkages of 
the one-inch square bar show the influence of composition as 
did the half-inch square bars, and it also shows the added influ- 
ence due to slow cooling. 

A round test bar, having the same contents of a one-inch 
square test bar would have a ratio of cooling of .29, and would 
therefore cool more slowly and would have a less shrinkage 
than the square bar. 

This secondary influence is more and more apparent as the 
size of the casting increases, until in the four-inch square 
bars its effect is greater than the chemical influence of three 
and a half per cent. of silicon was in a test bar half an inch 
square. It is also apparent that the secondary influence is 
greater in the castings containing an increased percentage of 
silicon. 
For the purpose of keeping the records separate in 
XIII. and XIV., the record 1st (and 7th) isa heavy fullline, the 
2d (and 8th) is a heavy broken line, the 3d (and 9th) is a heavy 4 
dotted line. The 4th (and 10th) is a light full line, the 5th (and 
11th) is a light broken line, the 6th (and 12th) is a light dotted 
line. 

The records of the last three series being below the seed 
record 14 is represented by a light full line, 13 by a heavy full 
line, and 15 by aheavy broken line 
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Fie. 159. CHART 
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si Ratio-Cubic inches Contents Sq. in. Cooling Surface, 
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Series} 1 to 6 
“IROQUOIS” 
Series to 14 
“SOUTHERN” | 
(De Bardoleben ) 


BS 


Shrinkage per foot 


558 
ear | 
4 
4 
— 81 
Se 
— 160 
812.49 
\ 738 ; 
\ &, 
\ 
3 
ong 
130 Sig | 69 
4 
81 3129 \ 1.00 
‘ 
— 
88 
~ 
4.30 
‘ 
. 
“i 
3.15 
7 
040 
3.22 i 
— 


20 30 4o 30 00 80 


atio-Cubi¢ inches jontents—- Sq. in. Cooling Surface. 


1x 2” 25 ‘| 80 
Si 3] 


2 ole 
“HINKLE” 


= 


! 


Shrinkage per foot 


4 
G. 100. IART XIV, — 
4 
; 
Si 
81 2.8 
| 
1.05 
e 
a 1.24 
2.97\\ 
\\ 
g 
en 
— 
oN. — 
-080 
\ — 
3 
00 


RELATIVE TESTS OF CAST IRON. 


Since Chart XIII. contains records of coke irons re-melted in 
a cupola with coke, it may be taken to fairly represent ordinary 
foundry practice, 

We may take series 1 as a fair representation of a moderately 
heavy casting, a little more than one and an eighth inches thick, 
having a considerable surface and with a shrinkage of one- ° 
eighth of an inch to the foot, and containing about one per cent. 
of silicon. We may take series 15 as a fair representation of 
the lightest castings, say from one-quarter of an inch down to 
one-twelfth of an inch thick, and of considerable surface, and 
with a shrinkage of one-eighth of an inch per foot. From these 
records I have constructed Chart XV. (Fig. 161). 

From this chart a founder can, at a glance, see the difference in 
shrinkage between different parts of a casting on account of size 
and the strain incident thereto. He can tell the shrinkage of | 
any casting, larger or smaller, from the shrinkage of any size of 
test bar which he may use from the same mixture. If he knows 
the size of a casting and the shrinkage that is desired, he can 
find this result on the chart and can proportion his pattern ac- 
cordingly ; and, by following the curved line either way, can 
find approximately the percentage of silicon which the iron 
mixture should contain to produce a desired shrinkage or a 
given quality of casting. The figures on each side denote the 
shrinkage in inches per foot, and each curved line shows its 
variation in any size of casting due to a given variation of 
silicon in the mixture put into the cupola. The following 
examples illustrate some of the uses of Chart XV.: 

Example 1.—Wanted to make a cylinder three inches thick 
and so long that we may neglect the end cooling surface. The 
shrinkage of a half-inch test bar from the iron mixture is .153. 
What percentage of silicon does it contain, and what will be the 
shrinkage of the casting ? 

Take a strip of the three-inch thick casting of any size, say 
10x 1 inches; this contains 30 cubic inches and 20 square inches | 
of cooling surface ; 30 divided by 20 equals a ratio of 1.50. In 
Chart XV. find shrinkage .153 on the left-hand margin. A hori- 
zontal line will cut the silicon scale at 2.25, which is the ap- 
proximate silicon. Follow between the curves until the ratio 
1.50 is reached (in this case outside the chart), and it will be 
found that the approximate shrinkage of the casting will be 
.062. 
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Table XVI. is the same as Chart XV. in tabular aii \ oor 

TABLE XVI. 


KEEP’S TABLES. APPROXIMATE RELATION OF SHRINKAGE TO SIZE AND PER- 
CENTAGE OF sILICON. (Copyrighted.) 


Percenta 


158 | 118 
an |. 133 | «. 098 1.50 
135 | os 059 8.00 


123 -082 046 d 8.50 


age due to increase 


in Silicon. 


Perpendicular readings 
show Decrease Shrink - 


Horizontal readings show decrease of shrinkage due to size. 


(Happening in a pipe foundry a short time ago, I was asked 
to estimate the total shrinkage of a water pipe three inches thick 
and 29 feet long. Not knowing the silicon it contained, I used 
the data of this example and gave the shrinkage of the whole 
pipe as 1.79 inches. The actual measure was 13 inches [or .060 
per foot].) 

If it had been required to make a casting of these dimensions 
with a shrinkage of .062, which had been found satisfactory for 
hydraulic cylinders, or for water pipe, and it was required to 
find the silicon in a mixture to produce such a casting, follow 
down the ratio 1.50 until .062 is reached, then run along the 
curve to a silicon scale, and we will find the silicon to be 2.25. 

If we had wished a shrinkage of one-eighth of an inch per foot, 
we would have reduced the percentage of silicon in the mixture. 

Example 2.—Having .153 as the shrinkage of a half-inch 
square bar, it is desired to reduce this record to that of a one- 
inch square bar. Find .153 on the left-hand side of the chart, 
carry it across to the perpendicular corresponding to ratio of a 
half-inch bar (.125), ran down the curves until the line corre- 
sponding to the ratio (.25) of a one-inch square bar is reached, 
which shows a shrinkage of .128. 

The shrinkage of a bar 1x2 inches (.116) can be found in the 
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If we had used a one-inch square bar, we could from the chart 

reduce its record to that of any other size. 

Any foundry can construct a similar chart based upon ob- 
served shrinkage of test bars made from its materials used, and 
can work out similar problems. 

Chart XV. will be found to be a near approximation of the 
results in any foundry. By its use any founder can, by calcu- 
lating the shrinkage of a half-inch test bar, produce a definite size 
of casting, either by varying the silicon in the iron from which 
the casting is made, or by making the size of the pattern such 
that the shrinkage of a given mixture will produce a casting of 
the required size. 

In every-day foundry practice the silicon or the size of the 
pattern cannot be varied to suit every thickness of casting to be 
made at one cast; therefore, the shrinkage of each one of the 
castings made cannot be kept uniform at one-eighth of an inch 
per foot. 

This is especially the case in a single casting of varying 
thickness. 


NoTe.—It must always be kept in mind that on account of local conditions, 
and the varying quality of the iron used in any mixture, any result is only 
approximate, but for the purpose of controlling a foundry mixture it is all that 


BEST SIZE OF TEST BAR FOR THE CONTROL OF A FOUNDRY ‘eis ee 


In the study of cast iron, and in the control of a foundry mix- 
ture (see Table VIII.), the half-inch test bar, provided it will run Ls 
entirely gray and not white, has an advantage, for it is so small — 
that it is only influenced by the composition of the casting. — 
Therefore, its record is a mechanical analysis, telling whether 
more or less silicon is required. 

It gives this information better than a chemical analysis, be- 
cause it holds so little heat that it can show the effect, not only | 
of the influence of all the elements entering into the composition on 
of the iron, but also takes into account all local conditions and — 
the nature of all the irons used in the mixture. It also tells — 
its story in a definite way, and does not require the trained judg- : 
ment of an expert to make it of practical value. Whatevermay 
be due to influences other than those of a silicon contained 
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TABLE XVII. 


+ inch Test Bars. 


e 


Silicon 
Shrink 
in Casting. 
Silicon 
in Casting. 
Grade or Test 
Sulphar. 


Troquois.............|Cupola * 


.-|Crucible 
Crucible 
Crucible 
Crucible 


sees | in Chart. 


ge: 


Cupola 
upola 

Crucible 
...|/Crucible 
|De Bardeleben. .....|Crucible 
Troquois ...... Cupola * 
De Bardeleben......|Crucible 
Crucible 
-|Crucible 


ee 


8 


88}. 
-92). 
96! . 
-00}. 
-04). 
08 


Crucible 
R. Worthington..|Cupola * 

Lady Crucible 
Stewart Crucible 
-|Cupola * 


|Crucible 
..|Cupola 

..|Crucible 


8.18 


--|Cupola * {3,14 
Crucible |2.81 
Mich. Stove Cupola * |.... 
Mich. Stove Co... — * 


Mich. Btove Co..... Cupola * '8,13/8. 

Mich. Stove Co...../Cupola * |. vata 
Mich. Stove Co...... Cupola * 2.95)2. 
3.56 "121 117 3. 52 


* When marked thus, the analysis was made of the half-inch test 9 


When the test has no mark the pig was analyzed before re-melting. ieiide 


— 564 
— 
s|elale 
a1 2718/28 
| .80 4 
15 4 
0 
.159/2.00| No. 1 
54] .154|1.93] No. 2 | 8.62/3.18| .44|....| .70] .86| 418] .24) .80 
-148)2.70| (14) |Mich. Stove Co.....|Cupola * |3.15/2.89) .26| .09) .20) .59) 383) .22| .06 
20 45] .145|2.16| Basic| Actna (Ga.)....... (2-28) 231) 228) .14] 
44/ .144/2.29| No. 2|Dayton.......... -OB|1.57] .66] $75] .251 0 
(12) |Hinkle....... ... $4/3.07| .27| .08] .80| 456) .83| .c4 4 
No.1 |Calumet....... ....|Crucible .46|1.10| .02|1.06]1.35) 290) .16).... 
137| .137|3.01| No. 2|Franklin (N. Y.)....|Crucible .01]1.43| 828) .21| .10 
134). 184 2.94| No, 1|Poughkeepsie......:|Crucible |8.27|3.17| .10| tr |1.24) .19| 855) .25) .12 
130! .130|3.13) (13) 11] .09| .43| 894) .22| .06 
— 129) .129|3.24/2 Soft 81| .76| 298) .02 
128) .128/3. 461 (784) 400) .02 
127 | .128/8.45| (787) .08]....]....] 500 .02 
C3} .50| 427) .24)... 
.10|1.05| .47| 400] .07 


+inch Test Bars. 


ilicon in 


Chart. 
Grade or Test 
Number. 

Sulphur. 


| s 
Shrinkage 
in Casting. 
Silicon in 

Casting. 


Ensley..., Crucible 
- |Sloss Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Crucible 
Cupola * 


£54882 

| 


Cupola * 
-|Cupola * 
Crucible 
-|Crucible 
.|Crucible 
Crucible 
Crucible 
Crucible * 
Crucible * 
Crucible * 
Cupola * 
Cupola * 
Cupola * 
Crucible 
..|Crucible * 


2. 


Skee 


: : 


De Bardeleben. . 
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-120/4.85 0546460084 -96'2.74 
* When marked thus the analysis was made of the half-inch test bar. 
When the test has no mark the pig was analyzed before re-melting. 
+ These four samples do not belong jn this table, but are introduced 
high numbers of pig iron, ah 
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In the study of the influence of other elements, if the silicon 
and conditions are kept uniform, and a single element is 
varied, the variation in shrinkage will be due to that element. 
For this practical use no other size of test bar will answer. 
In a one-inch square bar, and more so in those of larger dimen- 
sions, the secondary influence of the more coarsely crystalline 
structure varies the record, oftentimes more than the composi- 
tion of the iron. In large castings this secondary influence com- 
pletely overshadows the influence of composition, and thus 
prevents the large test bar from indicating the composition. 
The half-inch bar gives the information needed by a founder 
regarding composition more accurately than any other known 
method. By Chart XV. the change in shrinkage due tosize can be 
approximated. 

The convenience of the use of a half-inch bar is also greatly 
in its favor. 

Table XVII. has in the first two columns the same silicons 
and shrinkages as the half-inch square bars in Chart XV., and 
arranged against these shrinkages are various pig irons and 
foundry mixtures whose shrinkage and silicon percentages corre- 
spond with them, and which show that Chart XV. is a fair ap- 
proximation to actual practice. 

Table XVIII. has in the first columns the silicons and 
shrinkages of Chart XV., and has arranged against them pig — 
irons and foundry mixtures with the same shrinkages, but 
whose silicons do not correspond with those of the chart. 
These are, therefore, exceptions, but it will be difficult to con- 
struct another chart which will conform to so many mixtures. 
as Chart XV. 

The irons in these two tables show that while silicons and 
shrinkages are related, yet the influences exerted in the furnace, 
or some peculiar chemical combination, or some peculiar treat- 
ment, causes a high or a low shrinkage, and that a chemi- 
cal. formula will not at all times produce a given physical 
structure. 

Our statement is, that although we may not be able to reduce 
records of pig irons or of mixtures in different shops to a definite 
relation between the silicon and the shrinkage, yet in any one 
foundry, with a substantially uniform mixture or in any special 
mixture repeated, the shrinkage will indicate the percentage of 
silicon, and vice versa. In such cases the shrinkage will indi- 
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cate siadnen the silicon in the mixture should be increased or 
diminished. 

SHAPE OF A CasTING in relation to its physical quality. 

The method by which a casting becomes solid influences its 
strength. The attaching of the first crystals to the sides of 
the mould and of those forming later, on the inner surface of 
this shell, and the shrinkage of the shell, and of each crystal 
which is attached to the shell, causes a strain on all parts of 
the casting. The crystals along all the surfaces not only pull 
on each other, but the whole surface pulls the ends towards 
the centre, and pulls from the centre towards the ends, which 
tends to pull the casting apart at b (Fig. 162). Inside the casting 
the crystals tend to pull away from the 


diagonal connecting b and e, and on that J 

line the two systems of crystals forming |—>+ <— 

on the surfaces a b and b c, towards the a ; | 
middle of the casting, do not form a oth 

perfect union in the line 6 e. There | t 

is more metal in this corner than in Fic. 162. a 


any other part of the casting, which 
would cause the centre to become solid last, and if any spongi- 
ness or cavity forms anywhere it will be here. 

The sides fe and de, being longer than the inner surfaces 
a b and 6 ¢ will contract more and tend to pull the casting 
apart at the angle 2. In all pattern construction, angles should 
be made as round as possible, and all abrupt changes of shape 
should be avoided. Changes in size in the parts of a single 
casting cause unequal cooling, and often result in a casting 
pulling apart before it leaves the mould. 

Consulting Chart XV. will show what strains will be placed 
on the parts of a casting that vary in size. 

ANNEALING CasTines.—To produce very soft castings with very 
low shrinkage some founders melt only the softest No. 1 pig 
iron, and do not even use the scrap made from such iron; 
while others use cheaper irons for the castings, and afterwards 
place the castings in an annealing oven until most of the com- 
bined carbon which they contain is changed into graphite. 
Instead of increasing silicon in their mixtures to cause a 
decrease in combined carbon, they prefer to anneal the cast- 
ings. It would be impossible to get as low a shrinkage or as 
soft iron in the cupola as by this process. sts 
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We give one example of this. All bars were poured from one 
ladle. 


TABLE XIX. 


” 
o Test Bar. 


No. 1 Bar not An- 


Average ...... 


No. 2 Bar before 
Annealed.. 

No. 4 Bar before 
Annealed 


Analysis by Dickman. 


The chill in the annealed castings is very dull and only half 
as deep as before annealing. The grain is much darker and is 
filled with glistening points. The unannealed thin bars broke 
without taking set, while the annealed thin bars took a set of 
over four-tenths of an inch at the centre before breaking. The 
unannealed square ‘bars took a set at three hundred pounds of 
.10 of an inch, and after annealing took a set of .20 of an inch. 

These samples are furnished by Frank J. Dutcher, manager, 
—— Machine Company, Hopedale, Mass. 


Mr. FE. D. Estrada.—According to Mr. Keep, the physical 
properties of a casting depend upon the chemical composition 
of the mixture, the size of the casting, its shape, its rate of cool- 
ing, and the conditions attending its manufacture. These con- 
clusions cannot properly be drawn from the results obtained by 
the experiments which Mr. Keep describes. With reference to 
the chill, Mr. Keep says that the smaller test-bars seem to give 
the truest indication of chill, and that in larger bars the chill is 
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we 
entirely removed after the chilled surface has become too hot 
to produce a chill. This makes the chill independent of the 
size, chemical composition of mixture, shape, etc., and depen- 
dent on the temperature which may be attained by the “ chill 
surface.” Further, he says (bottom of page 547), that the depth 
of chill is the same no matter what may be the size of the cast- 
ing, and that a small bar gives the same record as a large one, 
which is a direct contradiction of the statement that the small 
bar gives the truest indication of chill. Again he says (page 547), 
“it is evident that the depth of chill is related to the percentage 
of silicon in the casting, but the quality of the metal melted 
exerts a great influence on chill. The iron first taken from a 
cupola has a greater depth of chill than that drawn later on, as 
shown by the depth of chill, Series 7 and 9.” With all these 
factors affecting the chill of a casting, how can we determine it 
from a single one? That the chill is not proportional to the 
silicon. in the mixture is evident from a glance at Table III. 

(page 548), where we see that a percentage of .83 of 1 per cent. 
of silicon produces a chill of .80 in all the bars of Series 1 which 
vary in sectional dimensions from 3 inch square to 4 inches 
square, and .91 of 1 per cent. silicon produces a chill of .65 in a 
}-inch square bar, and none in the 3-inch and 4-inch square bars 
of Series 9. The fact that a percentage of 2.77 silicon, Series 12, 
produces a chill of 0.4 in a 4-inch square bar and none in the 
2-inch, 3-inch, and 4-inch square bars, cannot be accounted for 
by saying that the chill was moved on account of its not being 
strong enough ; for certainly, if it was strong enough to resist 
the moving tendency in Series 1, it should have remained the 
same throughout in Series 7 and 9. The records of Series 8 
clearly show that the chill does not depend on the sizs of bar or 
amount of silicon in the mixture, but is due to some cause other 
than that supposed by Mr. Keep. 

The shrinkage of a casting, Mr. Keep states, is influenced by 
the composition of the mixture, the size and shape, and the rate 
of cooling. He considers the rate of cooling proportional to the 
size of the castings, for he says: “The slower a casting cools 

the larger will be the crystals, therefore a large casting will 
shrink less in its outside dimensions than a small casting from 
the same metal.” If the rate of cooling depended on the size of 
a casting, in order to change the rate of cooling it would be | 
necessary to change the size of the casting, = e 
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On one page we are informed that the shrinkage varies in 
proportion to the percentage of silicon in the mixture, and also 
in proportion to the size of the casting. On another page he 
tells us that there is no given shrinkage for any given percent- 
age of silicon. The writer would like to know what, in Mr. Keep’s 
opinion, is the cause of shrinkage in a casting; and if we cannot 
discover the cause, how can we construct tables and charts to 
determine the effects of it? 

In order to accept Mr. Keep’s method for testing cast iron, we 
must also accept the principles upon which it is based, which 
are, that the shrinkage depends : iit bo 

1st. Upon the chemical composition of the mixture. airez. 

2d. Upon the size of the casting. 
8d. Upon the rate of cooling. ah ad 
The tables and charts are based on this assumption. Mr. 
Keep repeatedly mentions in his paper that the shrinkage does 
not depend on the silicon, for he says (near bottom of page 553) : 
“Trons having the same chemical constitution may have totally 
different physical qualities. For this reason there is no given 
shrinkage for any given percentage of silicon. It is impossible 
to prescribe a given chemical composition that will at all times 
give a required physical record.” Referring to Table VII. (bot- 
tom of page 553), he says: “In these cases the same brands of 
iron were used, and both were tested in the same way, and the 
chemical composition is substantially the same, and yet the 
physical quality is very different.” 

Now, as to size, it may be said in general that the physical 
properties of a body do not depend upon its size, and cast iron 
does not present an exception to this rule. Mr. Keep says 
(middle of page 555): “The variations in shrinkage in different 
sizes of casting are due to the difference in the rate of cooling,” 
which he considers proportional to the ratio between the 
volume and the square inches of surface. Hence, for a given 
definite body, there can only be one rate at which it can cool. 
The laws which govern the transferrence of heat from one body 
to another are thus set at naught by Mr. Keep. Example 1 
(page 563) indicates the method for obtaining the percentage of 
silicon and shrinkage for any casting, from the shrinkage of the 
proposed standard ; but before we can accept this method Mr. 
Keep must tell us what shrinkage will be produced in the half- 
inch bar by a given percentage of silicon, then prove that the 
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shrinkage is proportional to the rate of cooling, nail ‘that the 2 
rate of cooling is proportional to the size, and that the size is __ 
proportional to the ratio between the volume and the square 
inches of surface. ea 
In working out Example 1, Mr. Keep considers a strip of a 
certain casting to have three dimensions, when considering its 
volume, and only two when considering its surface. | 
Would it not be wiser, before we settle upon a method for 
determining shrinkage, to ascertain the fact as to whether cast — 
iron shrinks at all? It would be a good joke if, after going to such © 
trouble, some one would prove that cast iron does not diminish cer 
in volume while passing from the liquid to the solid state. The oe: 
writer laments the fact that he is not familiar with foundry work, 
but from general observations he is of the opinion that castiron __ 
increases in volume in the passage from the liquid to the solid __ 
state, basing this opinion on these facts : is 
Ist. That the density of liquid cast iron is greater than that of aa 
the same iron when solidified. ; yy 
2d. That the volume of a body in the liquid state, whose — 
elements are chemically combined, is smaller than when the __ 


elements are mechanically combined, as is the case in cast iron. — on SS 


Mr. Thomas D. West.—The first point in Mr. Keep’s paper on > 
which I differ with him is where he says that “different castings — x 
poured from one ladle of iron will vary in quality, and such 
variations cannot be explained by chemical analysis, as the 
chemical composition may be the same in both. The difference — a 
seems to lie in a different crystalline structure.” My experience - i 
is that chemical analysis can, in most cases, be depended upon _ 
to suggest the cause of differences in crystalline structure. If 
all conditions are the same, except size, we may generally expect _ 
that the denser castings have their carbon more incombination, __ 
since quick cooling, as in a small casting, prevents the separation _ 
of the carbon into the graphitic state. In shops doing both © 
heavy and light work, the best opportunities are found to observe _ 
these peculiarities. 

In my opinion there is a direct relation between the record of 
a test and the composition of the iron, and also a direct relation 
between the record of a test and the size of the casting, as well 
as its shape. 

It is well known that I have taken issue with Mr. Keep on 
the subject of the best form of a test-bar. What I seek to 
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recommend would be a form and size convenient to mould, to 
handle, and to test, and one which should at the same time pre- 
sent on its fracture a crystalline structure nearly the same as 
that of pig metal, if re-melted and poured into pigs or bars of a 
similar size. What we all want to do is to find a standard form 
of bar which would give us at the same time a record of strength, 
contraction, and chill which we could express in percentages, or 
in degrees, as on the scale of a thermometer ; but if this cannot 
be done, let us have a test which will record certain physical 
properties only, while other special properties would be ignored, 
and then let us understand the limitations of this second plan. 
In my opinion the 4-inch bar is too small for the first object, 
and a 2-inch or 4-inch bar is too large, which are my reasons 
for preferring the round l-inch bar that I have advocated 
elsewhere. 

It is gratifying to find the author agreeing with me that 
sulphur is to be absorbed from the fuel, although he does not 
agree fully with me. In many cases, strength in an iron, which 
could be secured by high percentage of sulphur, is better secured 
by low silicon, or a wise selection of a percentage of each. I 
have found in my experience that it is as essential to take 
account of the sulphur as of silicon, if not moreso. A small 
change in the percentage of sulphur will change the physical 
character of an iron more than three to six times that same 
change in the silicon percentage. 

Referring to Mr. Keep’s table, descriptive of the making of his 
test-bars, in my opinion it was not advisable to have cast those 
bars by tappings. The iron should have been caught all in one 
ladle, and the bars for each series all poured from that one ladle. 
I agree fully with the author’s statement that cast iron is very 
sensitive to any change in size or shape of a casting, and that, in 
melting, the heat of the cupola, the intensity of the blast, and — 
the manner in which the melted metal is handled have a decided ~ 
effect on the physical character of the casting. 

My experience induces me to the belief that the depth of the 
chill in a test-bar is much affected by a few degrees difference 
of temperature in the iron when poured. The degree of fluidity 
in pouring makes a great difference in the depth of the chill. I 
think that Mr. Estrada is correct in his statement that in one of 
the series the chill is due to some other cause than that sug- 
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There has lately been advanced a theory that the saeiti 
gravity of castings poured on end is greater at the bottom than 
at the top, and that consequently test-bars should be cast fiat. 
I have been making some experiments in this direction, and they 
do not bear out the statements of the theory. I took a gate six 
and a half feet long and three inches in diameter, and took a test 
piece six inches from the top, and another five feet from the top. 
The gate was parallel, so that, in turning up these specimens, 
the same amount of surface was removed from each. The speci- 
mens were machined of exact size, by Messrs. Warner and Swa- 
sey, and were then delivered to the laboratory of the Case School 
of Applied Science to be weighed. The figures of Professor 
Benjamin’s report are as follows: cavity: 


Weight of top end of gate in vacuum 1169.468 grams. 
Weight of bottomend ‘“ 1167.239 ‘ 


Volume of top end of gate 165.722 cu. cent. 
Volume of bottom end 165.768 


ky 
Difference = .0154 only, and the plug from the upper end is the denser, 
ProF. C. H. BENJAMIN. 


1167. 239 


i f bott 
of bottom end of gate 165-768 


The following is an extract from the Builders’ Iron Foundry, __ 
presenting a series of tests on the specific gravity of vertical sti ie 
poured castings : 


Dear Sir,—If you have a copy of our pamphlet ‘‘ Our Share in Coast Defence,” _ a 

Part I., you will find an illustration on the third page showing the position of 

the casting from which the test specimens were ordinarily taken. We regret _ 

that we have not a copy of this pamphlet which we can send to you, as the edition 

is exhausted, but in a general way we can say that the lower test disk was taken 

about eleven feet from the bottom of the casting and two anda half feet from _ 

its upper end. 
The majority of the tests showed the specific gravity of the muzzle specimens . ee 

to be higher than the breech specimens, and also to be harder and of higher ten- _ ae igs 

sile strength, which is the reverse of what we had been led to expect. We 


enclose a list showing the average specific gravity of all the casts made for spe- i ie A 
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cific gravity of breech and muzzle specimens on the first six mortar castings and 
ou the last six mortar castings made by us. For exact confirmation of all this 
we would refer you to the official reports of the Chief of Ordnance for 1890 and 


R. A. ROBERTSON, Treasurer. 


TESTS OF SPECIFIC GRAVITY OF FIRST AND LAST SIX MORTAR 
CASTINGS. 


Specific gravity of muzzle or Specific gravity of breech or 
Number of heat. top end of gun. bottom end of gun. 


7.238 7.2478 
7.2447 
7.269 
7.29883 
7.8252 
7.845 erie? 
7.8267 


87.6524 


7.3048 
ati 7.8042 


The above tests and figures appear to indicate that there is no 
condition which will cause practically any difference in the lower 
and upper end of vertically poured castings, in the sense which 
has been generally accepted. 

Taking up now the subject of shrinkage, I repeat my previous 
statement that we cannot ignore the influence of sulphur in reg- 
ulating the effect of silicon. An alteration of ten in the figures 
for per cent. of sulphur will, in my experience, change results 
more than a change of twenty to fifty in the amount of silicon. 

Mr. EF. H. Mumford.—I simply want to call attention to the fact 
that this paper leaves out the question of elasticity entirely, as 
that has to be considered later, the data not having yet come in, 
and we have left the three elements of strength, shrinkage, and 
chill. The strength has a certain amount of importance, and the 
chill a certain amount, but, in my opinion, the shrinkage is the 
matter of the greatest importance, and the plotted chart in 
Mr. Keep’s paper, from actual tests of shrinkage, shows a very 
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valuable conclusion, well pictured in that you will 
notice, the shrinkage of a 4-inch bar, due to changes of mixture, 
with 1 per cent. silicon, he chronicles at .183 shrinkage, with 
3 per cent. at .135, a difference of .048 of an inch. Taking 
a 4inch bar, the 1 per cent. silicon gives .102 shrinkage, the 
3 per cent. silicon gives .045 shrinkage, a difference of 057 
per cent. The range of shrinkage in the 4inch and in the _ 
j-inch varies very little, as the contour of the curves would 
show ; the whole indicating that any one size of bar is as good © 
as another for the relative test of shrinkage. While the gross 
shrinkage of a 4-inch bar is much less than the gross shrinkage 
of a 4-inch bar, the change, in either size of bar, of } of 1 per oo 
cent. in silicon produces almost equal effects. The irregularity — 
in the chill tests I believe to be entirely due, as Mr. Keep sug- i 
gests, to the washing of the chilling surface, because it is well sa 
known that if a chilling surface is heated by iron washing over - 
it, or by other means, it will chill less deeply than if cold, and 
plans have even been adopted for keeping the chilling surfaces — 
cool. Therefore I believe we shall have in the future more sat- _ 2 
isfactory results of chill tests than are given in the paper, and : 
believe the main value of the report, so far (this is only ae 3 
inary, as I understand), is in the proof as to shrinkage that one 
size of bar is as good as another for showing relative results. 
Mr. Gus C. Henning.—I would like to say just afew words in 
regard to the value of the test-bars made for the purposes of _ ss 
the committee. The fact that all the bars, without exception, 
were perfect, is pretty good evidence that those bars were a za 
good set of bars for those purposes. The fact that it is — 7 * 
not stated in the — is because the bars had not all been — 


and then stirred up, of course is one which would act sins 
the quality of the iron, and in future tests that I have asked for 
we will probably do that. But that cannot always be avoided. + 
When all the metal was melted down in the cupola and left there 
before it was drawn out, we tried to do that, and we found = 
we could not do it. If you had taken that metal and poured it 
from the big ladle into several other little ladles, we would om 
have known what the iron in the last ladle, or the second or 
third ladle, was. So we ran down certain heats, and then poured — 
as fast as we could after tapping. When you handle such large =: 
masses of material, you have got to take other precautions — 8 
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simply casting twenty bars out of one ladle. But the fact that 
the bars were every one perfect shows that the method was not 
very far defective in obtaining such satisfactory bars. 

Mr. West has brought up several points, and as soon as the com- 
mittee’s facts will appear, every one can satisfy himself whether 
those strictures made by Mr. West are based on what the com- 
mittee has in hand, or whether they are simply given on belief. 

Mr. Robertson’s results, quoted by Mr. West, cannot be taken 
as they stand. When we make a comparison of specific gravity 
we must cast a pure article of one diameter throughout. As 
soon as we take into account the immense effect of the tempera- 
ture of a great bulk of metal down at the breech of a gun, we do 
not know anything about the muzzle. 

Mr. John Fritz—While these experiments are peculiarly in- 
teresting, it does not strike me that they are exactly what the 
practical man wants. 

Mr. Henning.—We are trying to find out what the practical 
man wants. We brought up this paper and simply started the 
discussion. If the gentlemen all send in their discussions in 
writing, we will know what they say. 

Mr. Fritz.—When doctors disagree, the patients are in rather 
a bad fix. I have had some little experience in making castings 
—not a great deal, but there is one thing: I know: when I go to 
make a casting, I do not go to any laboratory tests. I take a 
casting of the size the casting is going to be, and I take that 
casting and test from all the different parts of the casting, and 
in that way you get at a result for the purpose you want, and 
there is no other way that you can do it. 

Mr. Cartwright.—I am another heretic, Mr. President. 

Mr. W. F. Durfee.—In regard to the shape of test specimens 
I have just one word to say, and that is this: you may try as 
much as you can to get perfectly uniform conditions in your 
test specimen, but you won’t be as likely, in my judgment, to 
get such conditions in a rectangular or square bar, as you will 
in a cylindrical or elliptical bar. 

It is (or should be) a well-known fact that, in passing from a 
fluid to a solid condition, the molecules of most, if not all, metals 
arrange themselves in a crystalline form, perpendicular, or nor- 
mal, to those surfaces at which solidification commences, and 
from which it proceeds to the interior of the mass. In the case 
of a square bar, the crystals arrange themselves perpendicular 
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to. a sides of the bar, and as a consequence ro will be 
developed two diagonal planes of weakness, as shown in Fig. 
163, where the inner ends of these crystals meet and become 
more or less entangled. I say more or less entangled advisedly ; 
for upon the union of these crystals in the 
interior of the mass along the planes of 
weakness before named depends in no 
small degree the strength ofthe bar. This 
being the case, it seems advisable to select 
a form of cross-section for cast test speci- 
mens in which all planes of weakness are 
eliminated. Ina rectangular cross-section 
the crystals near the angles, in arranging 
themselves perpendicular to the cooling 
surfaces, will, as to their interior ends, become more or less per- 
fectly entangled and united along the diagonal planes of weakness 
before named ; but as the degree of perfection of this entangle- 
ment and union is, and cannot be otherwise than, purely acci- 
dental, the test specimens must, on a corresponding degree, 
show a want of uniformity in results. A circular cross-section 
is not liable to cause irregularities of the kind named, as it 
has no planes of weakness. 

fr. Wood.—Suppose you test the bar on its side, not in the 
way it is cast. 

Mr. Durfee.—I don’t know that that would make any difference. 
It is perfectly well known that the crystals of rectangular bars 
do arrange themselves in the way described. 

Mr. John Platt.—I do not get up to speak as a foundry expert, 
but simply as a member of this Society who has some interest 
in the work done by the committees who take so much trouble 
to investigate subjects for us. It must not be forgotten that we 
have been discussing the work of a committee and not an indi- 
vidual. Now, as a society, we are interested in getting results 
which are going to be of use to us generally in the profession. 
And as an attack has been made on the methods adopted by this 
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- committee of the Society who are carrying on tests for us, in a 


certain way I think it is our duty to consider somewhat the 
attacks made here and see if there is any ground for them, and 
if the basis on which they are made is sufficiently encouraging 
to be looked into further. One of the principal grounds taken 
seems to be the shape and size of the test-bar, and whether it 
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is to be square or round. Experiments have been made which, 
if what we are told is true, and the test has been carried out 
properly, should have a great deal of bearing on the subject. In 
speaking of the square bar, I would like to ask a question of 
some of the theoretical men present. Reference has been made 
to the square bar, and the position which the molecules of the 
iron took in cooling, and the form which they took has been 
advanced as an objection to that form of bar for a test-bar. It 
was stated that they took up the arrangement shown in sketch 
(Fig. 165). Is it not a fact that the modulus of the cross-section 
of a square bar is practically two triangles, and that those tri- 
angles are the ones that come into play almost entirely in work- 
ing out the results? In a round bar, which was supposed to be 


Busse 
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so much better, the molecules were shown arranged radially. 
The section of the equivalent figure of a round bar, as shown in 
sketch (Fig. 164), is in that shape, and the molecules to my 
mind do not take up such an advantageous form. And then, 
with regard to the testing of these square bars, if I understood 
aright, there was a difference of four hundred pounds in some of 
these tests. What else could we expect? I speak not as a 
foundryman, but I have had something to do with testing in the 
laboratory, and to think of taking square bars promiscuously 
when you are attacking a method which is being worked out by 
the Society, and taking some that are cast with the face down, and - 
some with the face up, and testing them at random, then com- 
paring the results, and saying, we do not get uniform results, and 
therefore the system is wrong, without testing them with one 
side down or up; and in that connection Mr. West has stated — 
elsewhere that he found a much denser portion at the bottom 
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of a round’bar. In the last discussion he stated that, in a bar 
cast vertically, they found in testing that the metal was practi- 
cally more dense at the top than at the bottom. If those are 
the results we have to figure from in condemning their methods, 
I think, perhaps, the committee are not working altogether on 
bad lines just at present. 

Mr. Henning.—I should like to say that if, in the work of this 
committee, we had to deal with square bars cast flat, which vary 
among themselves to the extent of four hundred pounds, these 
having been observed as closely as possible, we will give up our 
work. Those are not test-bars. That is not a goodfoundry- _ 
man’s work. I mentioned yesterday that all the bars were per- — 
fect. Now, I wish to say that if we find that we cannot control 
the strength of a bar twelve inches long and one inch square 
within four hundred pounds, we cannot get at any results at all, 
and had better throw everything away. I maintain thatif bars  __ 
are not cast within such a wide limit, those bars are not worth 
anything. 

Mr. Platt.—It speaks somewhat then for the work of the com- 
mittee if we find that the tests they have made vary so little. _ 
Their experiments certainly must have a great deal of value if 
they get as good and uniform results. 

Mr. Holloway.—I have listened to the discussion with a great 
deal of interest, and I am sure all who are here have listened © 
with the same interest. But it seems to me that the work of | 
the committee has been wholly in the direction of making tests __ 
in a certain line, and as nearly as they could under positive and 
fixed conditions. The results I am not entirely familiar with, 
but I am quite sure that the Society feels under very great obli- 
gation to them for the great deal of labor and interest they have 
taken in producing these results. As Mr. Henning has said, it 
is very proper and right, if you are undertaking to test anything, 
you have got to test the same thing all the time, and underthe 
same conditions, and they have done so as farasthey possibly = 
could, and the results they bring before the Society are the ree 
sults obtained under those particular conditions; and for these __ 
results, and for the labors they have gone through, they are _ 
certainly entitled to the thanks of the Society. On the other ~~ 
hand, Mr. West has started on his own accounttomake some 
tests in regard to the strength of iron, and in order to satisfy 
himself of the differences in iron and iron test-bars made under 
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different conditions, he has made a great variety of tests in his 
way; and he comes here and tells us, very truthfully and very 
properly, that bars cast in some particular method, and of the 
same iron, are not near as strong as bars cast in some other 
method ; so that, while his experiments are very useful and 
very good, there can be no fair comparison made between 
the two. I think that is simply the situation. The committee 
have gone on in one particular line, and have made their 
tests in that line. Mr. West has gone on another line, to test 
for himself what results will grow out of making bars under 
varying conditions. There has also come into this discussion 
the question of making castings. That is valuable, because 
that is what this sort of a gathering is for; it is to bring out 


the practical experience of men engaged in making castings, and _ q | 


the making of test-bars and tests are only valuable as they help 
us to make good castings. I would think there is no need of 
carrying the discussion further on these particular lines, because 
each is working on a different line altogether, and there is no ~ 
satisfactory comparison that can be made between the two. 

Mr, Kent.—The practical founder has claimed for a thousand 
years, more or less, that the shrinkage of cast iron is one-eighth 
of an inch to the foot. Mr. Keep has put in his paper a diagram 
showing that the shrinkage of iron is not one-eighth of an inch 
to the foot, but something else ; and if we want to know what the 
shrinkage of iron is, we will have to put a microscope on hisdia- __ 
gram and analyze the iron for silicon. NowIam goingtotryto 
prove from Mr. Keep’s own diagram that the shrinkage of cast — 
iron is one-eighth of an inch to the foot, or just what the practical 
man says it is. 

Mr. Fritz.—I am rather a practical man, and I take exception 
to that. The shrinkage is not one-eighth of an inch. 

Mr. Kent.—In the first place, it appears that the average of the 
whole diagram is just about .125, or one-eighth inch per foot. 
Let us analyze the diagram in detail. We find that the ratio of 

-eubic inches of contents, divided by square. inches of cooling 
surface, is very small when we have a small, thin piece. Now, 
the practical founder, if he had to make a very small casting or 
a very thin casting, will use a very open-grained iron, high in 
silicon; and, according to the diagram, if he will put 3 per 
cent. of silicon in that small casting he will get a shrinkage of 

- one-eighth of an inch to the foot. If, like Mr. Fritz, he wants to 
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make a big casting, equivalent to a bar 4 inches news he 
will use a fine-grained iron, which will come down to 1 per 
cent. of silicon. If he wants a casting intermediate between the 
two, if he puts in 2 per cent. of silicon he will get the same — 
shrinkage. So the practical founder, without knowing anything 
about silicon, but knowing about the grades of iron sold in the 
market, will put in a very close-grained iron, that is; onelowin 
silicon, when he wants to make a very large casting,and,accord- 
ing to the diagram, he will get his shrinkage of one-eighth ofan 
inch to the foot. When called on to make thin castings he will 
buy the high-silicon iron, and according to Mr. Keep’s diagram © 
he will again get the shrinkage one-eighth of an inch to the foot. = 
So that my proposition is that, according to Mr.Keep’sdiagram, 
what the practical man uses is that percentage of silicon which __ 
makes the shrinkage one-eighth of an inch to the foot. 

Mr. Hawkins.—I would like to say a word as to the inutility of 
this diagram to determine the shrinkage of iron. AsIunderstand _ 
it, from cursorily going over the part relating to it,allother con- __ 
ditions being equal, it simply defines the variation in shrinkage __ 
occasioned by the variation in the amount of silicon in the iron. _ 
The author says: “It also tells its story in a definite way, and 
does not require the trained judgment of an expert to make it of 
practical value. Whatever may be due to influences outsideofthe 
silicon contained in the casting, an increase or decrease of silicon — 
will lower or raise the shrinkage.” Now, while the table may be 
available as simply applicable to the knowledge of what effect 
silicon has upon the shrinkage, it is of very little use to enable us 
to determine in a particular piece of castiron what the shrinkage 
is going to be. But what I wanted to get atwasthis:Ihavenot 
heard in this discussion, outside of Mr. West’s brief reference to 
it, that one of the by no means insignificant things which does 
affect the shrinkage of a casting is the temperature at which the 
iron is poured. What I contend for is that the temperature at 
which the iron is put into the mould will determine, to an extent 
necessary to be taken into account, the amount of shrinkage. We 
all have seen solid cast iron float when put upon the surface of 
molten cast iron, and we conclude that its maximum density is, 
while in liquid form, somewhere near the point of solidification, _ 
We also know that the shrinkage of steel castings is something __ 
over double that of cast irons, and I presume, in some degree, at % 5 
least, from the fact that steel castings are _— ataverymuch 
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higher temperature. Now it occurs to me, that, as a guide for 
determining the amount of shrinkage of castings, and important 
factor is left out if we disregard the effect of the temperature at 
which it is poured. While I may not be able to explain just why 
castings in many cases have less shrinkage as they are poured > 
cooler, I do know that to be a fact, from observation ; but I do not 
know that this is invariably the case, or that the reverse may not 
obtain under some conditions. It seems, however, not improb- 
ably connected with the explanation given, to the effect that the 
crystalline structure of the cooled, solidified iron is different 
under different rates of cooling. We may readily see that a 
casting of considerable volume, if poured very hot, may have a 
longer time elapse between the periods when its peripheral 
parts and the more central bulk assume the solid form, than if 
poured cooler. As the solidification of the outer or more super- 
ficial parts to some small depth will not, probably, absolutely 
control its final dimensions, is it not probable that a variation 
in the time between the solidification of the superficies and the 
subsequent complete solidification of the whole may vary this 
process of crystallization? Since a variation in the rate of cool-_ 
ing, as a whole, does this very thing, the difference in the 
temperature of pouring makes a difference in the general rate 
of cooling after the superficial parts have solidified. 

It is generally understood that crystallization takes place 
at a somewhat critical period, where the passage of a body from 
the liquid to the solid occurs, and that the slower this point is 
arrived at, the larger are the resulting crystals. That the ar- 
rangement of the crystals among one another may vary with the 
rate of cooling, as the paper presents it, may be, and probably 
is, true ; but it seems probable, to say the least, that the size of 
the crystals (which is determined at the critical point of solid- 
ification, and is not varied after complete solidification by the 
further cooling) determines to much greater degree the final 
volume of the solid when cold than their subsequent rearrange- 
ment while cooling in the solid crystalline state. 

If the superficial parts thus solidify, in one case incasing a 
hotter body of iron than in another, it seems clear that the whole 
body of the casting must shrink to a different degree, after the 
solidification of the exterior, than when this exterior solidifica- 
tion takes place while incasing a cooler liquid body. 

- This may not be a true explanation of the phenomena, and 
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is, indeed, opposed to the explanation of “ the relation of shrink 


fact which any foundryman may satisfy himself of, that, every- 
thing else equal, any considerable variation in the temperature 
at which a casting is poured will vary the amount of shrinkage 
to a degree not to be disregarded when accuracy is sought ; and 
generally, the hotter the pouring, the greater the shrinkage. 
Mr, Henning.—I wish to refer to these diagrams, which. Mr. 
Hawkins seems to think do not bear that out. If you will look 
on Chart XIV., page 559, in that chart are six.series of tests, each 
series consisting of a great many tests, which are plotted. You 
will find the ratio of cubic inches of contents to square inches 
of cooling surface at the top of the chart. That shows you that 
account is taken of the temperature, because, the larger the ratio 
of contents to cooling surface the less rapidly will that material 
cool. You see that increase from zero up to one. In the other 
column are given the shrinkages in inches per foot of length. 
There you will find that, in these test-pieces, the larger they get 
the less the shrinkage will be. The silicon found by chemical 
analysis in each series is given at the beginning and at the end 
of the line. Now, that chart shows distinctly that there is a 
certain relation between temperature in the flask and the shrink- 
age in the material poured. In the first case—Silicon 91, Series 
7, the heavy black line on top—it is just as plain as in the last 
one, although the irons are quite different ; the shrinkage de- 
creases as the size of the test-piece increases. That shows that 
the shrinkage is controlled by something other than the compo- 
sition, not requiring any other change inthe composition, though =| 
there may be other differences. But in every case it will be 
noticed that the shrinkage is less per foot as the casting increases __ 
in size. The bars were all cast at the same time, out of one — 
ladle, as nearly as possible up to acertain point. Thenanother 
ladleful was cast, and so on, because we could not hold all the = 
iron in one ladle. Now turn to the previous chart on page =| 
558, and you will find the same thing to hold good on otherirons. == 
With all these facts before Mr. Keep, and thousands of others > 
in the regular routine work of casting, he has plotted those 
curves on page 561. Those curves, of course, are abstract, theo- _ hes, 
retical. They do not take into account conditions which may dis- 
turb the effect. They do not take into account accidental changes 
due to fuel that comes into the cupola. They do not take into 
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account the amount of silicon that was burned out in the cupola 
while melting. But the general law laid down in those smooth 
curves is found to hold good in every case. Castings are made 
under similar conditions. If conditions of casting are varied in 
the slightest the castings will be altogether different, and cannot be 
compared with the others, but take a broad curve and cover these 
many curves on pages 558 and 559, and you will find that they 
essentially agree with these curves on page 561. The variations 
in those lines are produced by conditions that could not be con- 
trolled in the foundry in every case. As experience is multiplied 
in casting the same bars, these errors will be eliminated ; some 
of these differences here may be corrected, as more experiments 
are made, but in every case you will find that the shrinkage de- 
creases with the size of the casting, and that the shrinkage 
decreases with the amount of silicon in it, provided all the con- 
ditions under which those pieces have been made were identical. 
You must never forget that. If we had had larger castings, 
more than 4 by 4, we might have shown more points at the lower 
ends of these curves, and there might be other facts which we 
have not been able to determine. Should we be able to get at 
definite conclusions with regard to smaller bars, which is a task 
of infinite pains, we hope to be able to carry these curves out 
further, so that we can, with one or two actual trials of a larger 
casting, determine whether our curves will hold good for larger 
castings as well; by interpolation we can get approximate values 
of shrinkage for any size of casting, provided that the casting 
was made under the same condition as the little casting, which 
every foundryman makes for himself. You see that any one iron 
has a great many percentages of shrinkage, which is due entirely 
to mechanical causes, irrespective of the chemical composition. 
I would like further to say that one of the conditions under 
which these test-pieces are prepared is that the temperature 
must be the same at the time of pouring. We do take it into con- 
sideration, inasmuch as we get our test-pieces cast as nearly as 
possible at the time a good founder decides that it is at the same 
temperature. We admit that the work may be incorrect, for that 
reason. But you will find that such errors eliminate themselves 
in a great series of experiments. If we, for instance, make a 
great many test-pieces all of the same kind, under the same condi- 
tions, and everything is alike except that we find that our results 
are different, then we go back and find out what the cause was. 
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But the attempt must be made to get your primary conditions 
identical. If you do not do that you cannot get the same results, —__ 
and you cannot get comparative results. If any one will tellus 
how to measure the temperature of the molten metalin the ladle, 
why, we will do it; but so far no one has been able to determine __ 
that before the iron is cold. When your experience indicates that 
the temperature is the same it was during previous casts, thengo 
ahead and make your castings. The grain depends very largely _ 
upon the temperature. If you anneal the castingsthegrainwillbe 
altogether different. If you make a small casting you will geta = 
certain grain of one iron. If you cast six pieces of different sizes 
the grain will vary in each one of them, although they were poured 
in the same heat, the same flask, and other identical conditions. —__ 
If these six pieces be poured in different flasks, all from one © “a 
ladle, the grain will again be different; in the former case the — 
smaller pieces being cast with the larger ones, these will change 
the grain, because of the temperature effect. Pourabarofeach 
given size by itself, under the same conditions, the temperature 
of pouring being exactly the same, in order to find what that 
little piece or large piece will do under those conditions. Ina_ 
large piece you will find perfect crystals. Mr. Keep has some, 
and I am sorry he did not bring them here. Buthehasperfect  — 
crystals of cast iron. Where the difficulty comes in infinding 
out anything about cast iron, is this, it is not an alloy, anditis  —_ 

not a chemical combination. It is simply a mixture of various __ 
compounds and elements. You can, under the microscope, pick —_ 

out the graphitic carbon between the particles of crystals or 
grains of the other materials. They are all bounded by certain 
separate chemical compounds, which can only be shown under Ee ra 
the microscope, by treatment such as that of Prof. A. Martens, __ 
in a most beautiful manner, by etching and polishing, and he has eo, 
identified materials by merely knowing how they look under the © 
microscope under certain treatment. Steels can be identified 
the same way. But those appearances under the microscope are ae - 
determined mainly by temperature influences, because there can — e 
be chemical changes in metal that has been cast, and which con- es 2 
tains carbon or any materials that can be dissolved by ironasa __ 
solvent. Sulphur, silicon, chromium, and manganese are dis- __ 
solved in iron just like sugar is in water. Subjecta piece of _ 
iron to heat, under conditions under which the iron will'absorb  _ 
more or less of certain elements, and if there are a number of __ 
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elements in the castings at the same time, some will be dissolved 
more readily than others. Remove these, and then the others 
that were not absorbed will be absorbed in the same way. But 
by means of temperature, whether by annealing or slow cooling 
in large castings, the character of the mixture, whatever it is, is 
changed, and if we can control temperature we can control 
results. 

Mr. Cartwright.—The temperature, you say, Mr. Henning, has 
all to do with the tapping, ete. 

Mr. Henning.—No; I say, take one kind of iron, and if it be 
subjected to different temperatures, you will get altogether 
different results, according to these temperatures. First, you 
pour from the first of the heat, where the cupola gives one mix- 
ture. Then you pour from the middle of the heat, which is 
another mixture. Then you pour the tail end of the melt. We 
say, take the metal for test-bars from the middle of the heat 
always, and then you will get as nearly identical results as you 
can expect to get, if subjected to the same temperatures. 

Mr. Hawkins.—1I merely want to insist upon the point I have 
made that has not been touched upon in the paper, that the 
temperature at which castings are poured varies the amount of 
shrinkage of the castings to an extent not to be ignored, and to 
a greater extent, perhaps, than some of the conditions named 
here. We may assume that if you have a number of castings” 


of uniform dimensions, to cast, if all the conditions are observed 


which are given in the paper, you will have uniform shrinkage, 

provided you pour them at the same temperature. If you do 
not pour them at the same temperature you will not have the 
same shrinkage, though you observe all those conditions. 

Mr. Fritz.—I agree with Mr. Keep in regard to the sulphur. 
I do not want it in metal I use if I can get it out. 

Mr. Holloway.—Mr. West’s objection to sulphur is, as I know, 
not a recent one. At one time he was the foreman of an estab- 
lishment in which I had something to say sometimes, and occa- 
sionally, when we would get some castings that were rather 
hard, and there was some objection made in the machine shop 
to any lot of castings that were made, I would call Mr. West out — 
and tell him about those hard castings, and complain about 
them. “ Well,” he would say, “it is the confounded sulphur in 
the. last lot of coke we got.”’ 

— Mr. Cartwright.—It is not a month ago that I was called to 
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a foundry. The proprietor said, “Cartwright, come down and | | 


help us with our foundry.” “What have you been doing?” I 
asked—“ buying new iron?” “No.” “New coke?” “No.” — 


“ What is the reason?” “I don’t know. That is what I have ae ; 


come to you for.” I went down and said to the man in charge _ 
of the cupola, “ Let me see what you are getting for your fuel.” 
I then went to the coke bin. There was a lot of gas coke that — 
he had bought cheap, to dry cores, and, unfortunately, the par- 
tition between the Connellsville coke and the gas coke had broken, 
and he was trying to melt iron with gas coke rich in sulphur. 


Mr. Henning.—The committee is studying for one particular | ¥ 


object. In fact, the only thing that the committee now has in 


hand is to see whether a method, and the size of bar which will | 7 | 
answer generally, can be determined, or which will give more __ 
uniform results. We do not care what strength the iron gives 


in the bar. We want simply to find a method for producing 
test-bars of the best shape to give us uniform or reliable results. 


So far as we have found out, we do not know anything about it. _ “g 
Mr. W. J. Keep.*—The experiments recorded in this paper __ 


were each conducted in strict accordance with ordinary foundry © 
practice, and were subject to the varying conditions which at all. 
times surround foundry operations, and from which it is impos- 
sible to escape. 
The influence of these conditions is described, to explain — 


what might otherwise be ascribed to change in chemical com- _ : 7 


position. 
For any recommendation as to size or manipulation of a test-_ 


bar, we must show why methods in general use are not satisfac- _ a 
tory, and why in the past so little has been learned regarding __ 


the effect of variations in the chemical composition of cast iron. 
My discovery in 1885, that variations in the shrinkage would 
indicate the effect of the chemical composition of cast iron, fur- 
nished a means for determining the change in physical character _ 
produced by the presence of carbon, silicon, sulphur, phosphorus, — 


or manganese, and the present paper treats of shrinkage because, =e 
by it, a foundry mixture can be made to produce satisfactory _ 


castings. 


In the past, attention has been directed entirely to the strength : oh = 3 
and elasticity of cast iron, and the size of test-piece has been Ss 


vod Author’s closure, under the Rules, eit 
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1 square inch, or 1 by 2 inches, rarely larger or smaller. This 
part of the subject will be considered at the June meeting. 

Referring to the description of the first twelve series, the chill- 
ing of the slag during the first day, while the blast was off, had 
no effect upon the melting of the iron, for the cupola was in each 
case hot before the next iron was charged. The second day 
there was no chilling of slag, as the wind was continuous. 

The twelve series are more valuable because of these variable 
conditions. The influence of the temperature obtained in a 
freshly lined cupola is shown in Series 1, 6, and 10. The con- 
trast between iron melted in a cupola not fully heated, as 
Series 7, and when fully heated, as Series 9, is shown by the 
3-inch square bars of these series, which happen to contain 
equal percentages of silicon. 

The fact that the silicon is not equally diffused in the different 
test-bars in these series shows that high silicon pig (10.87 per 
cent.) will not produce castings with as uniform silicon as when 
iron with a lower percentage is used. Series 13, 14, and 15 
received their silicon from silicon pig containing about 5 per 
cent. silicon, and the silicon is quite evenly diffused. In Series 
16 and 1 and 7 the pig iron contained the required silicon, and 
it is evenly diffused. 

I have distinctly stated that the iron was not taken from the 
cupola in different tappings, but was all drawn out at once into 
enough ladles to pour all the moulds as nearly simultaneously 
as possible. 

At this writing nearly all bars have been tested, and the record 
is that each bar is sound. 

The reason for the superior value of these series is that 
results and tendencies, which are alike in all of the series, can 
be safely taken as of general application to all cast iron: In 
drawing conclusions only such general tendencies are. considered. 

Much of the discussion of this paper has consisted in state- 
ments of opinions differing from those of the paper, but unsup- 
ported by experimental data, while each conclusion in the paper 
was founded on experiment. 

The statement that it is a matter of foundry experience that 
iron poured hot will shrink more than if poured from the same_ 
iron mixture at a lower temperature, might at first glance — 
appear true. 

ae _ The fact is, however, that shrinkage cannot begin until a 


] 
4 
- 
— 
es 
+ 


RELATIVE TESTS OF CAST IRON. 589 


rigid shell is formed, and with a given iron mixture, with cast- 
ings of the same size, the temperature at which the shell 
becomes rigid must be the same, and the enclosed fluid metal 
must be of the same temperature in both. 

If one mould is filled with hotter metal than the other, the 
superfluous heat must be imparted to the mould, with the result _ 
that, after shrinkage begins, the casting that was poured hot _ 
will cool more slowly, and must, therefore, shrink less than the 
one that was poured colder; but the difference would probably be 
so slight that it could not be measured. The following experi- 
ments prove that practically there is no difference : 


SHRINKAGE OF }-INCH SQUARE TEST-BARS IN INCHES PER FOOT. 


ALL FROM ONE LADLE. 1 
ist.| From one ladle. | 2d.| 38d. /4th.| From one ladle. ([5th./6th. 


Poured on reaching floor.|.128) Poured at once. .125).160) Poured at once. 125) .158 
1 min. later, min. later. |.126).128|.162; ‘* 14 min. later. |.123).158 
1 “ “ .131 .160 “ 1 .122 .158 


The 1st, 2d, 3d, and 4th were from regular cupola mixtures; 
the 5th was a crucible mixture of the pig irons used in Ist, 2d, 
and 8d; the 6th was of one brand of pig iron melted inacru- 
cible. 

In the sixteen series described in this paper it was impossible 
that the temperature of the iron, as it entered each mould, 
should have been exactly the same, for they were made in 
different cupolas at different times ; but the general laws which 
govern shrinkage are apparent in all, and correspond to the 
variation in the percentage of silicon, modified by the conditions 
which have been mentioned. ! 

The question has been raised whether cast ironexpands at the 
instant of solidification. There is no such instant. Each 
crystal forms alone and shrinks on itself, and even if it did 
expand, it is not until such crystals are numerous enough to 
form a rigid shell that the casting can shrink, and anyexpan- 
sion of each crystal could not affect the whole casting. Cold 
cast iron floats upon fluid metal because it has not become 
wetted by the fluid iron. The upward current along the sides 
of a foundry ladle is caused by gas and steam from the lining, 
and the current ceases or even reverses when the next iron is 
caught in the hot ladle. 
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E there certain nin general principles underlying the proper connection of steam 


boilers and engines in a power plant? 


Mr. Theodore F. Scheffler —Too much cannot be written about 
the design or construction of boiler and engine plants, either for 
electric light stations, or for power plants, or, in fact, for any kind 
of a power station. Considerable space may be saved by leaving 
everything to the manufacturers, as well as economy secured in 
pipe connection. There certainly is a method for setting the 
engine connected to the boiler so that the best results may be 
obtained. For small plants, where there is but one boiler and > 
engine, it is customary to set the engine about 12 feet to 14 feet 
from the boiler, and put an 8-inch division wall between the 
boiler and engine rooms, so as to keep all dust accumulating 
from ashes out of the engine-room. For the best results, engines 
should be set longitudinally with the boiler so that direct pipe 
connections can be made. This is also, in the writer’s opinion, 
the best method on account of the expansion of the steam-pipe. 
In plants where there are three or four engines to be connected 
to a battery of boilers, and the engines are placed either directly 
in the rear, or in front of the boiler fire-room, there will be con- 
siderable waste of steam-pipe, which will amount. to quite an 
item on account of the steam-pipe being large in diameter to 
accommodate the volume of steam from the boilers to the engine. 

For the purpose of having some fixed basis to work from, the 
writer has taken for an ideal plant the following specifications 
of boilers and engines, and the necessary items to make a com- 
plete and modern steam plant. 


* Presented at the New York meeting (December, 1894) of the American 
Society of Mechanical Engineers, and forming part of Volume XVI. of the 7rans- 
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BOILERS. 


Four 66 inches x 16 feet horizontal tubular boilers, rated at 
100 H.P. each, and to be set in one battery with full arch fronts, 
and all necessary fittings, such as safety-valve, steam-gauge, and 
siphon, water-gauge with stand-pipe fitted to boiler, three gauge- 
cocks for each boiler, blow-off valve, two check-valves, two stop- 
valves for feed-pipe, main gate valve for steam outlet, rocking 
grates, grate bearers, stack-plate, rear arch bars, and rear ash 
door and frame. These fittings go with each boiler. One boiler e 


ENGINES. 


Four 13 inches x 12 inches non-condensing, high-speed auto- 
matic engines, to develop 90 I.H.P. each ; diameter of steam-pipe, 
4} inches; diameter of exhaust, 5 inches ; diameter of pulley, 54 
inches ; face of pulleys, 12} inches, with complete set of fixtures, 
such as throttle-valve, large size sight-feed lubricator, full set of _ 
sight-feed oil cups, and automatic oiling devices for crank pin 
and crosshead pin, wrenches, crank shield, cylinder cock-drip _ 
connection for steam-chest, foundation bolts, and one 4}-inch 
steam-separator for each engine; feed-water heater to be 42 
inches diameter with 100 2-inch tubes 60 inches long. Engines — 
to set 9 feet, centre to centre, and longitudinally with boiler. — 
Pump required for this plant, one 400-H.P. pump, or a pump — 
capable of delivering 3,000 gallons per hour, and all necessary | 
pipe connections. Each boiler to have one injector of 100 H.P. | 
capacity, or equivalent to forcing 800 gallons of water per hour — 
into boiler, and all necessary fittings. a 

In a plant of this size it is customary to use a feed-water 
reservoir tank. Where there is no city water pressure the tank be ., 
is supplied with water by a pump, the tank being suspended __ 
above the boilers, so that the water will flow by gravity to the — 
boiler feed-pump, thereby keeping the pump valves flooded with 
water. One exhaust-head should be connected to the main 
exhaust-pipe after leaving the feed-water heater. . 

Probably right here would be the proper place to say a few — 
words in connection with the engine foundations. The depth of | 
engine foundation should be at least 6 feet, unless there is a — 
good rock bottom found before reaching this depth, so that the — 
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_ engine anchor-bolts may be anchored directly into the rock; 
_ otherwise, if there is no such rock to anchor to, and the above 


; a - oo depth has not been made, there will not be enough weight to 


the foundation to hold the engine down. The writer is well 
aware of the fact that there are engines on the market to-day 
where great care and attention has been given thoroughly to 
counterbalance the engine, so that the engine will run steadily 
and smoothly, set upon four pins, and will not jar or shake off 
the pins, the engine not being bolted to the foundation. The 
above is all right so far as it goes, but will not answer for large 
engines, and especially when the engine is very heavily loaded. 
The length of the foundation on the shaft end of the bed, meas- 
ured from the centre of the shaft to the end of the foundation, 
should be equal to the length of the foundation measured from 
the cylinder end of the bed to the centre of the shaft. The cor- 
rect proportion for this length of foundation is about seven 
and one-half times the stroke of the engine. 

In a great many cases this length of foundation on the shaft 
end of bed has been very much diminished. There is no better 
place to throw in brick on an engine foundation than on the 
shaft end; here is where the weight is required. 

The above dimensions which have been given will make the 
ends of the foundation equally divided on each side of the cen- 
tre line of the shaft, making the centre of the shaft in the centre 
of the apex of the foundation. The width of the foundation at 
the bottom should be equal to eight strokes of the engine. In 
this case, the stroke of the engine is 12 inches, multiplied by 8 
inches, which would equal 96 inches. ‘The number of brick > 
which would be required for this foundation is 7,500. 

Having found the proper dimensions of the engine founda- 
tions, it will be as well to give thought to the relative propor-— 
tions of the boiler foundation and settings. The writer has — 
found by experience that 3 feet deep will be sufficient for this 
size of boiler, below the floor line. A good, hard sandstone 
will give good results when brick is not used, which some people 
prefer. The width of the foundation should be 6 inches more 
on the floor line than the boiler side walls, which in this case 
should be 24 inches wide. There has been considerable argu- 
ment about the best height from the floor line to the fire docr 
opening ; 22 to.24 inches is a very satisfactory height, but 30 
inches is considered much more satisfactory and better adapted 
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to ae ordinary fireman. This height has been obtained fo 
these boilers by raising the bottom of the fire fronts 6 inches — 
above the floor line, as the height of opening is but 24 inches i in 
the casting. This method of raising the front has proved very © 
satisfactory wherever it has been adopted. Another point to be — 
considered on these boilers, is the height from the top of the 
bridge wall to the under side of the boiler shell. The height — 
in this case is 12 inches, and this gives an area between the 
top of the bridge wall and the bottom side of the boiler shell 
of 1,550 square inches, which is equivalent to double the area — 
of the boiler tubes. For the best results in combustion and 
efficiency, this height has proved to be very satisfactory. The 
bridge wall should be made horizontal on top. Some man- — 4 
ufacturers recommend the top of the bridge wall to follow the 
curve of the under side of the boiler shell with the necessary 
area between the bridge wall and the boiler. Another good 
point for consideration is the distance from the top of the 
grates to the bottom of the boiler shell ; in this particular case 

it is 26 inches. This height has proved to be very satisfactory. 
Of course, there is a wide range of opinion on the height ; some 
manufacturers prefer but 23 to 28 inches, and some even prefer 

30 inches. The writer has found this height to suit in almost 
every possible case. The height given is about the average, and 
will evaporate more water than if the height was 30 inches. 

The boilers and engines having been set up on their founda- 
tions, the next point in view to consider is the main steam pipe 
and fittings. See Fig. 168 for illustration of the main steam 
pipe. We will first consider the correct diameter of the main 
steam pipe. As we have in this case four steam outlets from 
the four boilers, one from each of the boilers, and as the com- 
mercial diameter of each pipe is 5 inches, we shall require a 
main steam pipe with an area equal to four times the area of 
the 5-inch pipe. The area of a 5-inch pipe is 19.63 square 
inches. This multiplied by 4 gives 78.52, which is equivalent 
to a pipe 10 inches in diameter. The pipe is constructed on the 
telescopic method, that is, the diameter of the pipe from the 
first boiler to the second boiler is 5-inches ; from second boiler 
to third boiler 7 inches; from third boiler to fourth and last 
boiler 9 inches; and from the last boiler to the engines, the 
diameter is 10 inches. This pipe will carry all the steam 
which the four boilers can supply, and with a minimum resist- 
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- anee. Observing the end elevation (Fig. 169), the main steam — 
pipe is at the extreme height. This arrangement allows of all 
-_ eondensed water flowing back towards the boilers. 
There should be a drip connection placed on the gate valve 
just above the valve seat, so that condensed water may be 
- drained off. By this arrangement of drip-pipe, considerable 
water may be saved from getting into the engines. It will also 
prove to be economical and saving of steam from the boiler 
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after the gate valve is opened; for, if this accumulating water 
is not let out at the boiler after any one of them has been shut 
down, the steam will condense very rapidly. Of course, this is 
only a small saving of steam. 

The main steam pipe is located 36 inches from the centre of 
the dome. This is done so that when the steam pipe expands 
or contracts, it will not make any strain on the screwed connec- 
tion at the point marked A, but will naturally swing from the 
centre of the dome, the centre of the dome becoming the fulcrum 
of the main steam pipe. The steam pipe connection for the en- 
gines are made in the following manner. (Fig. 170). First, a 
short-piece of 44-inch pipe is connected to the main steam pipe 
and then to the steam separator. The steam taking a spiral 
course inside the separator, causes the water to be thrown by 
centrifugal force against the outer walls, while the dry steam 
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goes through the small holes to the centre of the pipe. When it — « 
is not convenient to pipe up the separator as shown, steam 
may be taken into the separator at 4. For sectional view of — 
separator, see Fig. 171. 

The separator should be located as close as possible to the — 


Fie, 170, 


34 Drain Pipe from 
Separator to Sewer 


engine, so that nothing but 
clean, dry steam will be sup- 
plied to the engine. The main 
steam pipe is located 72 inches 
from the 4;-inch vertical steam 
pipe, which is connected di- 
rectly to the engine throttle 
valve. This allows the 43-inch 
horizontal steam pipe con-— 
nected to the separator to 
swing from the elbow B 
expansion or contraction takes 
place. Fig. 170 also shows the 
exhaust pipe connected to the cylinder; for continuation of — 
exhaust pipe, connected to feed-water heater, see Fig. 172. 

The best and usually the most convenient place to locate _ 
a feed-water heater is on top of the boiler side walls, placed at 
right angles to the boiler and set horizontally, the heater being — 
supported at each end by a cast-iron leg or bracket, and each 
bracket anchored into the boiler side walls by anchor bolts. 

This method of locating the heater has been, as described = 
above, placed on several large boiler settings which the writer “Ss 
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has designed. Any person who is in any way familiar with boiler 
settings knows how hot it is over the top of boilers, and can 
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readily see the advantage of locating the feed-water heater above 
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obtained for the feed. water over that supplied, if the heater is 
set up, as is common practice. To set the heater on topofthe 
boiler will cost a little more, but it will soon pay for itself by 
being economical. 
The injector should have a separate feed-water pipe, on enter- 
ing the boiler, so that in case any accident should happen to — ae 
the pump pipe connections, or repairs should have to be made _ 
on the pump or to any of the connections, there will be no loss of — 
time by having to draw off the steam from any of the boilers, — 
in order to make the necessary repairs. If necessary, by clos- — is 
ing the main feed-water pipe valve connected to the pump line | ‘A 
of pipe, after the water is forced through the heater,and by 
closing the feed pipe valve over each boiler, the whole line of © 
pump pipe connections may be disconnected, and the boilers fed — 
with the injectors. A check valve should be placed over each — 
boiler for the feed pipe, and also between the pump and heater. _ 
This will keep all pressure away from the pump and will be ben. = i 
eficial in case anything should happen to the boiler checks. The Ss > 
blow-off from the heater is connected to the main. blow-off pipe, ‘i a 
as well as the overflow from the injectors, and the discharge = 
may be connected to any convenient point which will be the __ 
nearest at hand, or may be carried to the sewer. To operate 
the blow-off on the boiler or heater, the globe valve on the © 
injector pipe should be closed. The injectors are supplied with ee 
water from the water tanks overhead ; this will give a constant __ 
supply of water under a head of water at the injector. 
The main steam supply i is connected to the main line of steam 
pipe leading to the engines. The idea of doing this,is in case = 
anything should happen so that any one or two of the boilers 
should be off duty, the supply of steam would be constant,in __ 
taking steam from the main line’of steam pipe. A good way to __ 
connect the blow-off pipe to the bottom of the boiler shell and = a 
keep the pipe intact from burning out, isto build a small wall of Pe m.: 
fire-brick, about 9 inches thick, and lay the pipe in the centre of 
the brick. This wall will not diminish the area of the combustion — ce Bee 
chamber enough to destroy any of the draught. For illustration — 
of this pipé connected to boiler, see Fig. 173. 
The exhaust pipes leading from the engines to the main exhaust — 
pipe should be constructed so that there would be a minimum > 
amount of back-pressure. To do this satisfactorily and with 
the best results, a lateral branch “ Y” connection should be oT 
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made where the pipe meets the main exhaust pipe. For an _ 

illustration of this design, see Fig.174. A valve should be placed _ 

on the pipe leading to the main exhaust pipe, so that in case 

any one of the engines is stopped for repairs, the exhaust steam 

from the other engines would not back up into the steam-chest, 

in case the valve on the en- 

gine was disconnected from 

the engine. The “ Y” con- 

nection also does away with 

the short and sharp angle 

= connection and makes a freer 
2.\WN passage for the steam. 

Referring to Fig. 175, we 

have a plan view of the 

pump feed-pipe connections 

” with fittings, also the injec- 

It will be observed that the 

injector pipe runs nearly the whole length of the boiler and 

toward the rear before discharging the water directly into the 

boiler. The advantage of this is apparent. The feed water 

becomes well heated before discharging into the boiler, and its 

chilling action on the shell is greatly lessened. There has been 
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considerable discussion about where the feed water should enter 
the boiler, and the writer believes that this method is freer from 
objection than any other which could be selected. The pump 
feed enters the boiler at one-quarter of the whole length of 


boiler, at the rear, and the pipe is kept as close as possible to 
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the boiler shell, so that there will be room enough for @ man — 
between the pipe and the top of the tubes. The pipe then con- 
tinues ahead about eight feet and then turns towards the 
boiler shell on the side, and then turns and comes back where __ 
it started from and discharges downwards. Some persons may _- 
say there are too many turns employed in this method, but the _ 
feed-pipe is made much larger after it enters the boiler to 
reduce the resistance caused by friction toa minimum. Fig. 175 — 
also shows a plan of the feed-water heater. 

Figures 176 and 177 illustrate the method for connecting the 
boiler cleaner to the four boilers. The reservoir for receiving 
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all of the sediment collected from the boilers is located cen-— 
trally between the four boilers, in the rear. The action of the 
boiler cleaner is here described. As the water boils and circu- 
lates towards the top and rear of the boiler, the scoops gather 
all sediment which rises to the surface of the water and is then | 
discharged by the boiler-pressure into the reservoir. The water — 
and steam may be let out of the boiler, independent of the 
boiler cleaner when it is necessary, by closing the valve tlle 
nected to the boiler cleaner and opening the valve connected to — 
the blow-off pipe proper. There is a globe valve attached to a a oy 
bottom of the reservoir, where the pediment which has collected | 
may be let out. This sediment should be let out every other day. — 

The writer desires to say, in conclusion, that about twenty 
plants have been connected up as described in this article, 
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although’ they have not all had boiler cleaners, nor has the in- 
jector been connected separately to the boiler, and the engines 
and boilers were arranged somewhat differently in the setting ; 
but all are giving good satisfaction, and the piping in general 
was arranged as described here. Further, in regard to piping in 
general, in case of any accident to any part of the plant, the 
Show Ing arrangement for connecting Boiler Cleaner to Boiler baal 
boxes conetaigan odd 
ould? lg gels 

tli g OTL 
liad Plan of Boiler Cleaner 
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part which is crippled may be shut off without shutting down 
the whole plant. 

The steam will reach the engine with but little drop in pres- 
sure, as all pipes are covered with an asbestos air space covering. 

Much more can be written on this subject and on this same 
plant; and the writer desires to say that some time in the 
future, it would be interesting to give an approximate estimate 
as to the cost of the entire plant. The main object of this arti- 
cle is to create a fruitful discussion. 

Mr. Wm. S. Aldrich.—With two valuable contributions on this 
subject before us, which have been so lately presented to the 
Society, it would seem that little more could be said, till we 
have seen how well their principles work out in practice. I re- 
fer to the paper by Mr. Wm. A. Pike, presented at the New York 
meeting (December, 1893),* on “Steam Piping and the Efficiency 
of Steam Plants,” and to the foregoing discussion of this same 
topical question by Mr. Theodore F. Scheffler. Moreover, any 
discussion of this question cannot fail to become more or less 
a discussion of their papers. . 

First, then (following Mr. Pike’s order of requirements), as to’ 
insuring “that practically dry steam shall always be delivered 
to the engine.” Granted that this is fulfilled in so far as pro- 
viding a non-conducting covering for the steam-pipe, it still re- 
mains to locate a separator, preferably in a horizontal pipe, 
between the throttle-valve and the steam-chest. With but few 


.* Transactions A. 8S. M. E., Vol. XV., p. 586, No. 577. 
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exceptions, a separator in and for a horizontal pipe is to be 4 2 
preferred to one placed in a vertical pipe ; for, by the former 


arrangement, the usual vertical pipe leading to the engine may oe. . 
be freed of accumulated entrained water by a “water well,” or 
“ water pocket,” or “bleeder,” and the water returned to boiler oe 
by trap, or steam loop, thus preventing at any time a flooding of ae 
the separator, as well as increasing the efficiency of separation ae 
by delivering only wet steam to the separator, instead of a eh ; 
mixture of this and water; with a separator in a vertical ripe me 
none of these desirable features are obtainable. | 

Such a “water well” will be seen in many installations, as a a 
continuation of the vertical steam-pipe, about four feet below ce 
the “T” branch to the horizontal pipe leading to the steam- 3 
chest. But it should have a glass water column near the top ; 
and bottom. Without these no one knows just where the ac- oa 
cumulated entrained water stands; to leave the bottom drain- 
cock of such a “ water well” slightly open is wasteful; to close 
it entirely for any definite period may result in flooding the 
separator, and later on the engine. The glass water column at 
the bottom will prevent the engineer from blowing much live aa 
steam out, when draining the “ water well.” ati 

Secondly, Mr. Pike lays down the principle that “the steam 
should reach the engine with very little ‘drop’ in pressure.”’ : 
His plan of running large steam-pipes to the engine, and, further, faa 
in making use of large receiver spaces, or drums, for steam a 
storage as near to the engine as possible, are in marked con- 
trast to Mr. Scheffler’s method of proportioning the steam-pipes 
leading off from the steam main. The first arrangement will a 
maintain a reasonably steady pressure under the actual condi- - 
tions of intermittent flow of steam to the engine ; the second is >, 
theoretically correct on the assumption of uniform flow—an as- a 
sumption which holds good for proportioning the piping to and 
from a steam-heating system, but which has held undisputed 
sway too long for steam-engine practice. Experimental determi- . 
nations will, no doubt, soon show about how large such a steam- os 
pipe receiver or storage drum should be, that, under known con- ae 
ditions of boiler pressure and engine speed, the “ drop” may be 
limited to, say, one pound. 

Mr. Pike has clearly shown that such a steam-pipe receiver 
may be made to do valuable separating service, thereby killing 
two birds withonestone 
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Paraphrasing Mr. Pike’s second requirement, as quoted above, 
we have another principle, probably equally valuable, namely, 
“the steam should leave the engine with very little ‘rise’ in 
pressure.” This means more than a simple change of words 
may seem to indicate. Mr. Scheffler proportions the exhaust 
pipes, leading to the exhaust main, on the principle of uniform 
flow of exhaust steam. Now, an exhaust-pipe receiver would be 
as great a help, in its particular sphere, as a steam-pipe receiver 
in its place. 

Certain forms of feed-water heaters, placed near the engine, 
are very efficient in keeping down the back-pressure on the 
engine; if we are not mistaken, this is enhanced by their large 
exhaust-steam space, quite as much as by their arrangement of 
feed-water coils. Placed as closely as possible to the engine, 
such an exhaust-steam drum receives the intermittent flow from 
the engine, and allows it to flow more or less uniformly thence 
to the condenser or to air. 

In defiance of Mr. Pike’s third principle is the almost uni- 
versal practice of running steam-pipes with inclination to the 
engine (when it cannot be inclined back to the boiler, even), re- 
sulting in no provision for draining off the accumulations of 
entrained water except through the engine—a practice, he re- 
marks, which not infrequently results in broken cylinder-heads 
and pistons. The usual explanation for such a course is that 
the condensed water should gravitate in the same direction in 
which the steam flows—that is, towards the steam-cylinder— 
a weak principle for such important work. 

It is far preferable to slope the steam-pipe away from the 
engine (and, it may be, in some cases, away from the boiler, too), 
in order to properly meet Mr. Pike’s third principle ; namely, 
that the water should not collect “except in places especially 
arranged for that purpose.” Such a place is the vertical pipe 
to which the engine and boiler steam-pipes are run ; and at the 
bottom of such a vertical pipe should be the usual “ water well,” 
or “bleeder,” connected as formerly described for the vertical 
pipe leading to the engine. 

Wherever condensed or entrained water accumulates, it 
should be allowed to collect in a closed “ well” or “ pocket,” 
provided with glass water columns, as noted previously. In- 
stead of draining off the separator and water pockets to a 
sewer, they had better be run off to a hot well, or returned to 
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boiler by trap or steam loop. It is remarkable how much Eg 
water will thus accumulate, in the course of twenty-four hours; 4 


and such an amount of water, at from 200 to 210 degrees, repre- “iy = + 3 e 
sents money saved or expended, according to the disposition _ : = 


made of it. Returned to boiler by trap or loop, it willbe ata = 
higher temperature and represent greater economy. os 
Referring to Mr. Pike’s fourth principle, that of being able to 
isolate any part or portion of a steam-power plant, in case of | 
accident, it will be found very desirable to use “quick-closing ” 
gate-valves, as “emergency” valves. Such should be a. 


on each boiler connection as well as by the throttle (or used for oi 2 4 ‘ | 


the throttle) of each engine. Besides these, regular screw gate- __ 
valves should be placed between the “quick-closing” gate- — 
valve and the boiler, to be closed at leisure, for security and 
repairs to disabled line. Wherever a flange connection is made 
it is well to provide for a blank or ring flange being inserted, _ 
according to whether it is desired to close it entirely for 
repairs, or to open it for the flow of steam. On the boiler side — 
of every large gate-valve should be placed such a blankand 
ring flange connection, so that when required the gate-valve 
and all piping past it may be cut off absolutely from the boiler. 
A point not fully considered by either of the papers here 
referred to is that of placing the feed-water heater. The 
function of such a heater is really twofold: first, to assist in 
reducing the back-pressure ; secondly, to heat the feed-water to 
the highest point by the exhaust steam. Both of these will be 
best served by placing the heater as near as possible to the 
engine, whether the exhaust steam is to be thence run off to 
condenser or to escape to air. It is desirable to lower the back- 
pressure at the earliest moment, and, at the same time, to get 
the most heat from the exhaust steam. Again, it is easier to 
insulate a small feed-water pipe, carrying water at about 210 _ 
degrees, than a large steam-pipe, carrying the exhaust steam at 
about 215 degrees. It is also more economical in the amount _ 
and size of non-conducting covering required. a 
Mr. H. H. Suplee—There are two or three points in connec- 
tion with both of these discussions which I think would bear ex- 
amination. In the first place, the query is as to certain general ~ % 
principles, and most of these discussions have been, I think, 
devoted to certain details rather than principles. The only 


principle to which I wish to call attention is one which > a a 
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arisen in my own experience, relating to the heating of feed- 
water. The functions of the heater were described as being 
only two; one to reduce the back-pressure, and the other heat 
the feed-water. There is a third, and really very important 
one; that is, to remove a large portion of the impurities in the 
water. Most of the carbonates, and a portion of the sulphates, 
which make hard scale, are precipitated if the water is heated 
hot enough and the resulting precipitate is given time to settle ; 
_ besides which the mud or clay, whatever is suspended mechani- 
cally in the water, also can be separated in the heater. The 
printed discussion mentions an apparatus to clean the boiler, 
but it has been my experience that the very best way to keep a 
boiler clean is not to put dirty water into it. The only point in 
that connection about heaters which I desire to emphasize at 
this moment is that, as a rule, they are not made large enough. 
I do not mean not large enough in heating surface, but not 
large enough in volume. A large portion of the suspended 
matter and the chemically combined matter in the water, which 
forms scale, will separate and settle if only time enough is 
given, and if the heater which will heat the water to 208 or 210 
degrees Fahr. is made large enough to allow the water to go 
through it very slowly, almost sluggishly, and the feed-water is 
allowed to pass through it from the bottom, taken out at the top, 
and to flow so slowly that the precipitated carbonates and the 
clay or the mud can settle, a very large proportion of it will be 
separated. If the heater is made with ample heating surface 
but small contents, the water will go through it at a velocity suf- 
ficient to carry even what may be precipitated through into the 
boiler. I have seen heaters which will perform very efficiently 
so far as heating is concerned, and yet very imperfectly as sepa- 
rators of impurities, simply because they were not large enough, 
and the water was rushing through so rapidly as to make a 
current strong enough to carry the impurities on into the 
boiler. 

Mr. W. R. Warner.—The remarks of Mr. Suplee call to mind © 
a little bit of experience in which I was interested the past fall, 
on the occasion of our firm having to purchase a heater for a 
boiler. Mr. Swazey is our expert on such subjects, but he was 
out of the country, and the responsibility came upon me and the 
superintendent ; and as we knew nothing about it, we began to 
gain our education, and very shortly had literature enough to 
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run a college for a year, and yet did not know much about the _ 


matter. 


But there were some very curious results that were mani- 


fested to us.as we slowly became educated. Agents, of course, — 
were very plentiful. They came around upon the slightest | 
provocation, without any special urging, and we began to 
figure up the capacities of the various heaters, our needs re- — 


quiring a heater for a 100 horse-power boiler. The heating _ a 


capacities of various kinds ranged from one to six, all rated 
at 100 horse-power. That made us rather suspicious of the | 
smaller ones, for one kind, we found, contained only 27 gal- — 
lons of water. I make special mention of that from Mr. Suplee 
having called attention to the quantity of the water. The 
eloquent agents came in droves to see me, and, as I began to ~ 
get educated alittle, I said to one of them, No. 19, I believe: — 
“How dare you sit there and guarantee your heater to heat 
water to 210 or 212 degrees, when you know it will not do it?” 
He saw that there was not a chance for making a sale, and 
he said—I will give his exact words—‘‘ Mr. Warner, I will tell 
you how we dare to. Not one in a hundred ever makes a test, 
and we can afford to take back one in a hundred.” 

Mr. Oberlin Smith.—I think that the college these gentlemen 
were speaking of just now must be a certain one I have heard 
of, where there was a great deal of learning, because all the ~ 
students brought some learning with them, and none of them | 
took any away. 

Dr. Charles E. Emery.—There is much in this discussion that — 
is instructive as well as interesting. Many points as to the 
proper connections of steam boilers have been brought out. As 
has been remarked, a great deal of attention has been paid to 


details, and, very fortunately,some have been pictured for us, 


one of which I will make the basis of a few remarks. 

Turning to page 594 we find «a method of connecting a boiler to | 
@ main steam-pipe which is subject to the gravest criticism. — 
The main line of steam-pipe is above the boiler and the stop- 
valve at the boiler, as will be seen by Fig. 169, and naturally, ina — 
very short time the whole pipe back to the valve will become 
filled with water, necessitating the arranging of a drip-pipe 
there. Not often does the engineer climb to the top of a boiler 


to open a valve; he generally tells some other person todoit. __ 


If, under such circumstances, the drip-valve is not opened, or is — 
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stopped with sediment, the water collected passes to the engines 
and may wreck them, if, indeed, a water-ram is not formed, at 
the risk of life. In any event a so-called unaccountable accident 
will happen. The system is evidently wrong. It should be 
borne in mind that in the multiplication of boilers required in 
modern plants we do not wish so much to protect a single boiler 
among the many as the main steam-pipe which keeps up the 
supply from all the boilers. If the pipe is made safe, the 
boilers may also be kept safe; but the pipe itself is to be 
thought of first, and upon it the stop-valve should be placed. 
The connection shown is all right, if the valve be brought up to 
the steam-pipe. To marine engineers it would seem an unusual 
place for it. One of our first lessons was to secure a sea-valve 


to the hull, and a stop-valve to the boiler, with heavy flanges; _ 


but I appeal to everybody’s common sense here to say that the 
rule as to boilers should be changed in large plants. The main 
steam-pipe is the more important point, and if the valve is put. 
there, no pocket is formed, and one can safely send a mere 
helper to open it. When the valve is shut the water will run 
back to the boiler. When it is open the water will go with the 
current of steam, no matter which way the pipes be drained, 
which is one of the things too few think of. There should be no 
places where water can lodge, except those specially provided 
with proper provisions to drain the pipe and return the water 
of condensation. Again, in plants of large size, where many 
boilers are necessary, the steam should be delivered to the main 
steam-pipe through a check-valve. Such check-valve can also 
be made a stop-valve by turning a screw down upon it, making 
a “gag,” as it is sometimes termed. Then, if anything blows 
out about the boiler, so as to let down the pressure, the check- 
valve shuts down, and the supply of other boilers to the main 
steam-pipe is not interfered with. This result happened to the 
large battery of boilers I erected for the New York Steam Com- 
pany. The connecting pipes were bent laterally and dropped 
somewhat toward the boilers, but the stop-valves acted as checks, 
and were bolted to side flanges on the main steam-pipe, and not 
to the boilers. One night, during the early working of the plant, 
a new feed-pump in the basement stopped, and when discovered 
a boiler on the third or fourth floor was very short of water. 
The engineer rushed down and started the pump without know- 
ing what mischief was being done above, and the cold water 
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cracked one of the headers. The water flowing out of that 
cracked two or three more. The water from those blew the fire 
on the furnace floor and put it out. The automatic damper © 
opened, and, if there had not been a person in the building, the 
apparatus would have taken care of itself. The check-valve 
was the key to the situation. There was the general Post — 
Office in New York, three or four printing offices, several large 
new buildings which were being finished by electric light at 
night, and numerous small users of steam, all depending on __ 
those boilers. If there had not been a check-valve, as described, __ 
all the steam from boilers of several thousand horse-power 
would have blown out of the injured boiler, and no one could 
have got near the latter for two or three hours to shut its stop- 
valve. The result indicates its own lesson. - 
The proper place to put drips has been discussed here. It _ 
should always be recollected that the water follows the slightest 
current of steam. I supposed, when starting the uptown plant 
of the New York Steam Company, that when running only 
20 or 30 horse-power in a 1C-inch pipe in Madison Avenue 
from Fifty-eighth Street, at a sharp grade, nearly to Hightieth _ 
Street, I could drain the pipe back under the current of 
steam, and at a later date distribute the condensation to the . 
several houses. On starting, the water was carried along with 
the steam into the houses, periodically blocked up the heating 
apparatus, and gave the occupants trouble. I had to dig down 
at two places to the pipe and connect traps to remove the water - 
at intervals, when there was no further trouble. Such experi-— 
ences settle the principle that in the arrangement of steam-pipes 
the water must be carried with the steam to some point where — 
there is opportunity for it to separate. In the case of the con- 
nection to the boiler we have discussed, the rule is different, for 
the reason that when the valve is shut off there is no current, 
and the water of condensation will run back to the boiler. As f . : 
soon, however, as circulation is established, the water will go 
with the steam. The consequence is that it is generally better oat 
to have a drum at a low point near the engine. In such case Ae 
the engineer, in starting his engine, will drain his drum as he : 
drains his cylinder, and a steam trap will attend to the matter — 


afterward, or a cock regulated by hand to maintain a water level, — a 


shown in a gauge-glass on separator. = 
Mr. Woolson.—On page 591 Mr. Scheffler says that he hasan 
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ideal plant, and this statement is ‘made without any qualifica- 
tions. I want to say this, that my experience is that it is an 
unfortunate occurrence when your ground space is so limited 
that you are obliged to put more than two boilers side by side. 
There are times, of course, when it is necessary to put in more 
than two in a battery. But I regard it as bad design when not 
able to get at one side, at least, of each of those boilers. 

There is one other point I want to call attention to. On 
page 598, Mr. Scheffler has bricked in his blow-off pipe. As I 
understand it, that blow-off pipe is bricked in for the protection 
of the pipe. But in bricking in that pipe he is prevented from 
getting at the rear end of the boiler to advantage, for I believe 
that the back-head of every tubular boiler should be “ come-at- 
able” at any and all times, without having anything in the way 
that can possibly be avoided, and that brick wall is certainly in 
the way. I ama believer in the protecting of blow-off pipes 
where subjected to heat. I think it is very necessary, and yet it 
is not always done, by any means. One of the nicest systems 
that I have used, or have seen, is to slip on over the pipe fire- 
clay sleeves or “runners,” as they are called in the steel works. 
That is where I first got the idea of using them. They happen 
to come very nice and true and round, and by just slipping those 
on to your pipe, making your joints up in fire-clay, and binding 
them together by a cast-iron collar at the end, outside the wall, 
they completely protect that pipe and take up scarcely any 
more space than a bare pipe, thus enabling an engineer or fire- 
man, at all times, to get around it and over it and under it. 

Mr, A. B. Fry.—Since, apparently, the discussion has chiefly 
tended toward the consideration of details, it may not be out of 
place for one who has very largely to do with the running opera- 
tion of plants, notably in the larger public buildings, to say a 
word or two touching practically on the subject of which Dr. 
Emery spoke, that is, that you have got to consider the actual 
conditions of the plant. Assume you are putting a plant ina 
large public building. Yov are often forced to take the room 
which the architect gives you. Take the theory here stated of 
placing the heaters above the boilers ; now, in how many build- 
ings in large cities is it possible to get sufficient head-room 
above the boiler for the necessary steam connections? I think 
any one who has much to do with the construction of plants in 
city buildings knows that it is a difficult matter to get sufficient 
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for the absolutely necessary connections, without 
putting anything else on top of the boilers. That is especially rr we 
true if you propose, as has been suggested, to use the heater for — = 

a purifier. For example, it is the practice at the United States - 
Custom House and Post Office, in Chicago, to use the feed-water — 
heaters practically as purifiers. A very large quantity of By 
exhaust steam is carried to them in proportion to the size of the © . a 
heaters, and there is a pair of them; the run of each isabout 

five days, and then the heaters are changed over, and the 7 
deposited sulphates’ and carbonates cleaned out. Now, it is” 
obvious that if you are going to use the heater asa purifier, 
you cannot put it on top of the boilers. You have got to have 
it in a place where it is easy of access, and where the tempera- __ a - 
ture is such that the men can work about it. I think that Dr. — 7 e 
Emery’s criticism of this proposed method of piping up the bat- 7 = 
tery i is very just indeed. My own experience was ina plantput 
in a large electric-light station, where the valve was oe 
put as shown here, only on top of the boiler-shells instead of on 
the drum, so that invariably there was a heavy accumulation of _ 
water in the piping on top of the valve. The only way to get 
rid of that was to open the drip thereto, but if you leave a drip : ‘ a 
open there is a heavy loss of steam. You may say you = — 
catch and trap the steam, but my experience has been thatitis a: : 
almost impossible to get a trap that will work satisfactorily on 4 a 


a steam pressure of a hundred and tw enty-five pounds or above, 
unless you can deliver the water to the traps in large quantities — 

and comparatively cool. Then, so far as the feature of “ burn- ‘ae 
ing” blow-off piping goes, I can say from personal experience © a. 
that I have found no trouble from blow-offs of .a battery of a % 
boilers that are forced frequently up to an inch and a half — 
forced draught, by connecting together the surface blow-off 
and bottom blow-off back of the rear wall. The surface blow- ie 
off comes out from the rear wall at a point opposite the water 

line. The bottom blow comes out in the conventional place. he. AE ee 


al 


Then, by making a vertical connection between the surface blow — 
and the bottom blow, and having the main blow-off valve out- a 
side of both, there is no trouble in getting a sufficient circula- : a 
tion between the two, and in seven years blow-offs so piped a 
have not needed a renewal. . 
To revert to the first thing—the position of the heater—speak- ss 
ing from the standpoint of a running engineer, I think that those a 
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who have the immediate charge of plants would often be very 
grateful indeed if more thought was put in by designers of those 
plants as to the location of given parts of the machinery. Too 
often, both on shore as well as on board ship, we find auxiliaries 
in every conceivable place—places difficult to keep clean and 
difficult of access for repair work—and I am sure that a little 
increased thought on the part of the designers would be of 
benefit to engineers, and would increase the economy of the 

“bas 


What form of filing-cabinet have you found most convenient for clippings, etc. ? 


Mr. Spencer Miller.—Every engineer knows the value of 
clippings and scraps taken from trade journals. The difficulty 
of collecting and classifying such valuable information has been 
appreciated by almost every engineer, and many novel ways of 
classifying this material have been employed. The writer will 
describe a scrap cabinet, having long since abandoned the idea of 
depending upon the ordinary scrap books, although a new form 
of scrap book is included as an element of the scrap cabinet. 

This scrap cabinet consists of a 
series of drawers of proper size, in 
which may be deposited clippings in 
the drawer under the head to which 
aes it belongs. This is the quickest and 
simplest way of filing a clipping or 
bit of information under its proper 
heading. If for any reason the user 
does not wish to stop to classify the 
clippings he should provide himself 
with a large drawer, either in the 

: cabinet or in his desk, where such 
Fie st clippings may be thrown to be as- 

SHOR sorted at leisure. His first step 
therefore would be to distribute the material so collected from 
the large drawer to the various drawers for classification. Then 
take one drawer at a time, trim the clippings down to the mini- 
mum size, and paste the same upon perforated sheets (see Fig. 
178) which are to be made into scrap books later on; such 
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scraps, of course, to be pasted on one side only, with date and 
name of publication from which it is clipped. These sheets, 
when there are sufficient of them, are assembled in their proper — 
order in the form of a scrap book with covers (Fig.179) and 
put into the shelves of the libra- 
ry, which may be a part of the Pink ee we 

scrap cabinet (Fig. 180). 

The matter of the size of these 
sheets is a question to be settled 
by the engineer. The author 
uses 8}xllinches. The sheets 
are of manilla paper, good stock, 
about as heavy as the average Fie. 179. 
writing paper, and of a quality tin \e 
good enough to write upon with ink, in fact the same manilla . 
paper as ordinarily found in the best scrap books. The sheets 
are cut in accordance with the sketch with a separating strip — 


or stub, 1 x 11 inches, pasted on one edge of the same, being sr 


nin 


ude A 
Fre. 180. 


perforated with four holes as indicated (see Fig. 181). This — : ge ‘= 
keeps the book from widening at the opening side. These a 


sheets, after the clippings have been pasted thereon are still left j : 4 2 
in the drawer, usually until there are enough of them to staple ae i 
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together. The ordinary Gill fastener (Fig. 182) is sufficient for 
this. If there are only a few sheets, they are simply stapled 
together and left in the drawer, but when the drawer becomes 
filled up, the sheets are taken out, inserted between covers, 
with a title printed on the outside, the whole stapled or laced 
together, and filed away in the shelves. The covers are made 
9x11} inches. These are made stiff, with a flexible joint one 
inch from the binding edge. Thus it is to be seen that at no 


OG 
[ 
i 
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time are these clippings 
fs in any form in which 
they cannot be easily 
_ feund, and there is no 
when the books 
may not be rearranged. 
For this reason it is 
ss better not to page the 
books at all. The in- 
side dimensions of the drawers should be 10x12 inches, so as 
to allow the books to be dropped in if desired. 

Valuable data are found in the copies of patents, which are 
obtained from the Patent Office at a cost of ten cents. Patents 
may be bound by themselves in covers of the same size, or, if 
desirable, may be filed in the drawer under their proper title, 
or they may be bound in with clippings under their proper 
heading. When this is done, paste the edge of the copy of the 
patent to one of the separate slips, 1 inch wide and 11 inches 
long, so that the perforations just project over the edge of the 
copy. This extends the width of the copy of the patent so that 
it conforms with the size of the loose sheets, and usually leaves 
a little margin for trimming. 

A cabinet should consist of a large drawer for miscellaneous 
scraps, probably not less than 3 inches deep, another drawer for 
the individual sheets and a few separating strips, which will 
be a “stock drawer,” and then as many other drawers as neces- 
sary to cover the subjects desired to be covered. The illustra- 
tion of the cabinet shows one which the author has used now 
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for over three years. It contains, besides the drawers, two 
shelves, the lower one being high enough to take in the scrap 
books, being 12 inches in the clear, with separating stripe (not 
shown in Fig. 180) } inch wide leaving a space for each scrap 
book; on these stripes the title of the book are placed, and 
the upper shelf is high enough for copies of the Transactions 
of the engineering societies. There is also one drawer which 
is about 40 inches long, inside dimensions being 9x4 inches, 
in which are filed rolls or large sheets which could not be put 
in the scrap books. On these shelves trade catalogues may be 
placed. Many variations may be made of this cabinet. An 
examination of these scrap books would reveal not only clip- 
pings pasted to their pages, but also type-written copy either 
on the same sheets or on sheets of the same size, which may 
be extracts from volumes which are too expensive to buy for 
the sake of clipping, also notes and memoranda; and included 
in this scrap book is an “index rerum” to other volumes. Blue 
prints from photographic negatives are pasted in the book, as 
well as sketches. 

One of the difficulties which arise usually to all engineers 
who have a love for clipping and collecting scraps, occurs when 
an immense amount of scraps have been collected and he feels 
a great desire to cull. This system permits culling perhaps 
better than any other. A dozen sheets- may be torn out of a 


book, and the whole can be simply closed up, and their absence © 


is never missed. A great deal of data becomes old, out of 


date, and unreliable, and if it is not wished to be preserved for © 


historical purposes it is best to throw it away. 


A nice feature of the cabinet is a rolling front -like that of a | 


roll-top desk, which is not in the way when the cabinet is open, 
and keeps out the dust when closed. It also serves to make it 
possible to lock up the whole affair with one key. 


Lal 


Mr. W. L. Chase.—I have worried clippings and incidentally — 


myself with a good many kinds of files, beginning, of course, with 
a scrap book and paste pot, and including some of the standard 
letter files, and various sizes and styles of envelopes. I am now 


using a sort of “ home-made” affair which takes care of clip- | 


pings, trade catalogues, circulars, United States patent copies, 
letters, etc., with such convenience and satisfaction that I 
offer the following description and the accompanying example 
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I get made to order at an envelope factory, from heavy manilla 
stock, plain envelopes nine by twelve inches (9 x 12), open on 
one of the twelve-inch sides, and without flaps. These are 
_ placed in file by laying flat on shelves piles of from half a dozen 
to thirty or forty of them (Fig. 183), according to volume of con- 
tents, with the open side at the back of the shelf. The file mark 


A) Fie. 183. 

is written along the front or closed twelve-inch side. Pamphlets 
are placed in these envelopes, generally without other cover, 
distributed if of small size, to make the envelopes lie flat. Cir- 
culars, letters, patent copies, page clippings, etc., of which a 
larger number can be placed in a single envelope, are generally 
placed in folders about eight and three-quarter by eleven 
inches (8} x 11), open on three sides, any one of which can bo 
withdrawn from its envelope without disturbing the others. 
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Column clippings, notes, etc., are placed in similar folders, to 
one leaf of which are pasted pockets for holding the clippings, 
or, preferably, narrow flaps, for keeping in position on the leaf of 
the folder removable pockets or column-width folders in which 
the clippings are placed. On one side of the column-width 
folders I write the titles or catch phrases of the contents, to — 
avoid having to search through a number of folders for an item © S. 
wanted. The small folders, with contents intact, may be shifted — 
about within the same large folder, or transferred to another aes 
large folder or another envelope, without rewriting lists of con- 2 ie ea 
tents. And no matter how fast nor in what directions the col- | 
lection grows, there is no rearranging of material required, © 
provided, of course, a satisfactory classification is used, 
to split up the contents of a large folder or envelope which gets 
too fat into two or more folders or envelopes. I use this 
arrangement in connection with the Dewey Decimal classifica- _ 
tion, but I do not see why it should not prove equally satisfac-  —__ 
tory with an alphabetic or other classification. The photograph 
pasted upon the back of the accompanying sample envelope 
shows the appearance of the file, and an examination of the sam- 7 
ple folders within will give a quicker and clearer idea of those — 
— than can a written description. | 

. William T. Magruder—An efficient filing cabinet is one 
eo requires the smallest expenditure of time to file from 
one to one hundred clippings, or to remove from one to a dozen 
clippings on from one to a dozen different subjects. They | 
should be so filed as to be readily accessible at all times, and so 
that they may be removed separately for use in the office or 
elsewhere, for filing under other titles, or for the waste paper 
basket. The cabinet should permit of unlimited growth with 
the least expense of time and money. It should be an econo- 
mizer of time, should have a properly titled place for every 
subject in which you are interested, convenient in size to fit all 
likely clippings without excessive folding, and should be dust- 
proof. 

Having used envelope systems and box systems and scrap- 
book systems, and having investigated most of the patented © 
systems, I have devised, and now use with much pleasure, filing 
cabinets which fulfil all the above requirements and are thor- 
oughly convenient. Externally they have the appearance - 
bookcases, the usual glass doors being replaced by a Scotch — 
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holland shade on a spring roller, with the sockets inside of the 
top rail of the outside casing. The width of the clipping case 
on the inside between the ends should be 1} inch greater than 
the width of the curtain or shade goods it is proposed to use. 
Goods of 36 and 42 inches are preferable to those of greater 
width, and the edges should never be trimmed. The lower slat 
should be ;'; of an inch shorter than the distance between the 
ends or uprights, so as to cause the shade to run true at all 
velocities. The pigeon-holes for the clippings are made 4} inches 
wide by 3 inches high and 10 inches deep for filing newspaper 
clippings. For filing the Transactions of the Society and similar 
pamphlets I use divisions 6} x 3 x 10 inches, while for cata- 
logues I use divisions 9 x 3(or 6) x 12 inches, and 8 x 8 x 12 
inches. The pigeon-holes are made by inserting horizontal tin 
shelves into a saw-kerf 4, of an inch deep, made by a thin- 
bladed back-saw in wooden uprights $ of an inch thick. The 


outer edges of the tin shelves are bent down and back upon 
themselves for strength, and to prevent cut fingers, and to 


enable them to retain themselves in the saw-kerf. They should 
be inserted { of an inch or more beyond the wooden verticals, in 
order to accommodate the title slips. These consist of the title 
of the pigeon-hole, written or printed in a space ;'; of an inch 
by 2 inches, bent at right angles on the end of a piece of paper 
2x65 inches. A title slip is placed on top of each tin shelf 
and under its own clippings. 

When inserting clippings for the first time, it is well to leave 
a.pigeon-hole vacant in every five to accommodate growth ; then, 
when the clippings on a given subject get too numerous for one 
division, the tin shelf over them may be withdrawn, and a divis- 
ion 6 inches high obtained; or, they may be reclassified under 
two or more titles. When a set of pigeon-holes is completely 
filled up, or when there are no more unassigned divisions, 
another clipping case may be added, and the clippings with 
their title slips rearranged alphabetically in a very few minutes, 
and vacant spaces left where they are most likely to be needed. 
A clipping should always be folded so that it can be filed with 
its title uppermost, so as to be seen and read as soon as with- 
a drawn. As the stiles of the outside casing of the cabinet project 
1 inch over the edge of the shade, which runs in the space 


nearly dust- proof as is necessary. The tin are amply 


1? 


(= 
: 
4 
4 
Ag 
ff 
4 
} 
a 
4 
=, 


@ - TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


strong up to 9 inches wide, and are more economical in space 
occupied and in first cost than wooden shelves.. By increasing 
the number of saw-cuts, all the advantages of ratchet shelving 
may be obtained. 

Mr. Barton Cruikshank.—In keeping memoranda, catalogues, 
clippings, etc., I find that an envelope, six and a half inches by 
ten inches, opening at the end, will hold nearly anything that I 
care to keep. This size is large enough to take loose sheets the 
size of our T'ransactions, and yet not enough larger to make a very 
irregular assortment, if catalogues and pamphlets of the same 
size are placed in alphabetical order in the case without an 
envelope. I place the catch-word in the upper left-hand corner 
of either the envelope or the cover of the pamphlet, and then 
for small memoranda I use the standard cards furnished by the 
Library Bureau, though any other would do equally well. These 
I perforate and place in proper order on the front of envelope, 
fastening with the standard paper fasteners. 

Where card memoranda happen to come in front of catalogues 
not in envelopes, a piece of cardboard, like the envelope in size 
and perforation, enables me to place the small cards in proper 
order. 

The document files made by any of the office specialty com- 
panies, such as the Library Bureau of Boston and New York, 
the Globe Company of Cincinnati, and others, or Adjustable 
Book and Paper Rack, made by the Wells Manufacturing Com- 
pany of Syracuse, do nicely as holders for the envelopes. If the 
Wells racks are used, a cabinet made so that the racks can be 
pulled out like drawers from the end of the rack will prove better 
for this system than their standard cabinets. 

Any matter too large to go in the cabinet used may be cata- 
logued on the small cards and then filed in any convenient place ; 
if enough of this larger size is collected, of course another 
cabinet of the same kind, but larger, may be used. 

Mr. W. H. Jaques.—The clipping or filing bureau of the 
Society is evidently deficient, so far as I am concerned, as I 
did not receive a copy of this paper for discussion until a few 
moments ago. I believe that the New York Sun has the repu- 
tation of having the finest record of clippings in this city. 
As that paper did me the honor to say that I have the best- 
arranged data on the subject of war material, I would have 
been very glad to have brought some samples of my method 
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here to-night and to have had something prepared that might be 
of interest to the Society. I can only say that I have some 


three or four hundred thousand subjects indexed, relating to war 


material, with which I can answer almost any question that you 
might ask, if you were in my library. I file and record informa- 
tion by a combination of the Harvard card catalogue system, 
seven sizes of envelopes and seven sizes of boxes, filling one 
box of each size before using another. If I attempted to have 
one box for every one of the three hundred thousand subjects 
it would be quite impossible for me to have an office large enough 
to have that number of boxes. I file my materials (it doesn’t 
make any difference whether they are photographs, blue prints, 
clippings, or records) as they come to me. When one box is full 
of one sort I commence another box, and in that way I add 
boxes as you would add to your collection of books. This is an 
extremely simple system, and I shall be very glad, if the Society 
desires, to send it samples of my method. 

There are quite a number of points Mr. Miller presented to 
which I take marked exception. I do not believe in using the 
mucilage brush except to cause the different parts of the clip- 
pings to adhere to each other, when the editor has not been 
thoughtful enough to put them in such a form in the paper as 
to allow me to cut them out conveniently. It is very easy to 
file clippings, but it is very difficult to get them when you want 
them. If I go away from home and want to take any data with 
me, I examine my card index, take the envelopes from the boxes 
and put them in my satchel. It is a simple system, which facili- 
tates the use of the material collected in a most excellent way. 

Having a large drawer for clippings, to be sorted at leisure, is 
perfectly useless. If you do not get rid of your clipping on the 
day when you get it, you will get yourself into trouble very 
rapidly. In regard to scrap-books, I would not have one in my 
technical system. They take up a great deal of room and are of 
no earthly use for reference. 

For reference to patents, periodicals, and works I do not wish 
to destroy, I have a very small printed form on which is printed 
the head, sub-head, date, author, number of the paper, and the 
sequence of the envelope in the drawer. When reading I mark 
the articles to be indexed with a blue pencil and a red pencil. 


The blue pencil indicates the head, and the red pencil the sub- 


head. As I run my eye over the technical journals I mark them 
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and give them to my secretary for indexing. He has a series of ; 


rubber stamps for the various periodicals and dates, and he 

records all the required data on the form described above, a 

that small, thin piece of paper goes into its proper envelope. In 


that way I have been able to file an enormous amount of material | 


in a very small space. 

I file photographs, blue prints, and drawings the same way 
most draughting-rooms record them. J 

In regard to culling, if the slips are not pasted anywhere, it 
is, of course, very easy, as the slips become obsolete, to take 
them out of the envelopes and throw them away. 

I am sorry, as I said before, that your filing bureau was not 
in such good form that I could have received this topic before. 

The President.—There is nothing to prevent your writing it 
out briefly and sending it in, and it will appear. 

Mr. Jaques.—Thank you. I shall be very glad to accept your 
suggestion, Mr. President. 

Mr. Oberlin Smith.—My experience in this matter is rather 
limited, having kept myself in the attitude of a young man, just 
getting along in a temporary way, expecting, as he gets toward 
middle age, to profit by the experience of other people, and 
never starting a very good system, because he hopes a better 
will turn up. It seems to me that a great deal of study should 
be put into this question, and that proper cabinets and filing 


- arrangements should be manufactured, which could be bought 


cheaply by everybody, instead of having the miscellaneous mix- 
ture which we have now. As a merely temporary matter, for 
want of something better, as I say, I have been in the habit of 
using home-made drawers with two small compartments, side by 
side, duly arranged in the manner of an ordinary card index, 
taking cards and envelopes 3 x 4} inches. These lean back 
against a sloping adjustable block at the rear, which can be set 
to make the effective drawer longer or shorter. Over the thick 
middle partition, sunk flush with top of drawer, are two thin 
strips of wood connected with links, exactly like a parallel 
ruler. The centres of the links are pivoted to centre of parti- 
tion, and thus the strips may, by one motion, be swung out over 
both sets of cards, etc., respectively, keeping them from rising 
when the drawer is opened. The envelopes contain postal 
cards received with information on, small clippings of all sorts 
from newspapers, or letters, temporarily written memoranda, 
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a ete. At the top of each is written in the usual way the name of 


subject, the initial of the name being a large black printed 
letter, to assist the eye in arranging alphabetically. Between 


each letter of the alphabet is a wider card, as usual in similar 
card indexes, with a big letter at the top. Besides the enve- 


_lopes there are, as before stated, cards with a printed initial, 
dotted line, and blank date. This is, therefore, a mixture of 
envelopes containing anything at all that may be useful, and 
_ ordinary white stiff cards, with information written or pasted on 
_ them. Whenever any document is too large to go in these 
- double-width drawers it is put into a larger one, occupying the 
same width, below, and an index card is put in above, indexing 


a everything in the large drawer, so that the small one (or a 
_ geries of them when it becomes full) really contains all the 


information sought, and is complete as a record. Everything 
in the large drawer is in 9} x 123 inch envelopes, made of stiff 
- manilla paper. Laid against the front of them, to hold them 
back and down, is a heavy wooden block hinged so that it can 


be thrown against front of drawer, beyond balancing position, 


_ when one wants to take anything out. In these envelopes are 
kept large pieces of newspaper, or small pieces pasted on 
cards, or patent copies, or drawings and sketches on one of my 
standard drawing-paper sizes, 9 x 12 inches; sometimes also 
thin pamphlets and certain letters that are kept out for special 


reference, ete. In regard to keeping pamphlets in general, I 
_ have never been able to devise any really good way. I usually 


keep them in pasteboard boxes which I buy, that are alleged to 
look like books. They are convenient things to stand on. book- 
shelves, with the name of the subject on the back. So long as 
catalogue makers have no standards of size, as they ought to, 


= vs and as I hope they will some time, catalogues come in of every 
imaginable length, breadth, and thickness. And I have no 


- doubt that if the mathematicians invent a fourth dimension, that 
will be varied too. Any special indexing that is desired, further 


_ _ than one can get by merely looking at the labels, can be done 
by the card index. In regard to keeping periodicals, I merely 
put them away in files, that is, if they are not periodicals that 


are to be thrown away. If I want to refer to anything therein I 
mark with a red pencil an “I,” for “index,” and my stenog- 
rapher indexes them upon a card. I won’t say anything here 
in detail about a system of keeping standard drawings. I have 
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a complete system for that performance in a separate safe with 
large drawers, all the sizes being classified in an index belong- 
ing to them ; but of course there is nothing to prevent a separate 
reference being entered in the card index regarding any certain 
drawing. 

Mr. F. A. Halsey.—After trying and discarding several plans, 
I settled some ten years ago upon the Du Bois letter file. This 
file has no special merits, so far as I know, for its intended pur- 
pose, but it is admirably adapted for filing clippings. The plan 
is very similar to the one sketched by Mr. Smith. It consists 
of a box of various sizes—my own being about twelve inches 
long by six deep, and eight inches wide. The box has a 
hinged lid, and is provided with slips of heavy manilla paper 
standing upon their edges, and having the alphabet cut upon 
their upper edges. A follower board is provided for pressing 
the contents together and keeping them flat. Additional manilla 
slips are provided for subdividing different letters of the alpha- 
bet when the collection becomes numerous enough to need it. 


‘a [have a piece of heavy pasteboard in the box, over which the 
___ elippings are folded to make them uniform in size, and after 


_ folding and writing an initial letter upon one corner, the clipping 
_ is ready for filing. I have also a supply of heavy writing paper 


of the same size as the piece of pasteboard previously named. 


_ These papers are ruled in squares, and on them I place my 


various notes and memoranda, so that the box becomes a note- 


book as well as ascrap-book. Clippings of small size are pasted 


upon these papers so as to prevent their falling to the bottom 


| of the box, and this is all the pasting required. Clippings occu- 


_ pying different sheets of paper are simply folded together, with- 


ie out pasting. One of the great advantages of the file is its 


facility for indefinite enlargement. When the box gets full a 
new one is obtained, and the alphabet is divided between the 


_ two. My objection to the system presented in the paper is that 


it is too elaborate and involves too much labor. 
As stated at the beginning, my file has been in use for some 


~ ten years, and so far has proven itself entirely satisfactory. 


Mr. Walton Clark.—The knowledge that I have a system in 
use, not at all original, that is perfectly satisfactory to me, over- 
comes my natural desire to remain silent at the first meeting of 


the American Society of Mechanical Engineers that I have had 


the privilege of attending. I would criticise the system of 
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_ Mr. Miller as involving too much labor. During my apprentice- 

ship I followed his system of cutting out clippings and throwing 
them into a drawer, thinking that I would file them subsequently, 
and, with the natural hunger of youth for printed matter, I accu- 
- mulated a drawerful, and pretty soon nearly a houseful, which 


las eventually I consigned to the flames. I do not believe at all in 


separate drawers for different subjects. If you adopt a separate 
drawer for each subject and you accumulate one hundred sub- 
jects, as you probably may in the first two months, you may 
have a hundred separate drawers, when one drawer could con- 
tain all the material covered under those hundred heads. An- 
other objection to the drawer and the paste-pot system is the 
fact that a clipping is often most valuable if you can give it, at 


_ the moment of cutting it, a title that will suggest to you the 


impression that that clipping makes upon you at tho time, and 
_ the bearing it has on some work done previously. The time to 
title and dispose of a clipping is when you make it, and many 
- men get their clippings where they do their work, all over the 
- country. I have collected data and clippings from New York to 


V San Francisco, and from St. Albans toSan Antonio. I carry with 


me a small pocketbook having two compartments. In one of 
these compartments I have small envelopes and cards of exactly 
the same size, the envelopes for clippings, the cards for data. 


These I take out from time to time, as occasion arises, fill them, 
and place them in the other compartment of the pocketbook. 


At home I have drawers about like the upper one shown on the 
blackboard—very much on the Library system filing plan. In 
these drawers I drop these filled envelopes and cards. I can 

_ drop in fifty in five minutes in their proper places. The separa-. 
tion of subjects is made by cards that stand a quarter of an inch 
higher than the others, and have written near their upper edges 
the names of the subjects filed behind them. They are alpha- 
betically arranged. When I began a filing system it was neces- 
sary that it should be one that was easily handled, and one that 
should be cheap tostart. One drawer and one or two ordinary 
cardboard filing cases for containing pamphlets and the larger 
clippings, that will not go in the little envelopes that I carry 
with me, are, with the cards and envelopes, all that is necessary 
to start the scheme. Pamphlets and large clippings I index on 
the cards that I drop into the drawer in their proper places, 
putting the large clippings and pamphlets into the filing cases, 
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which are divided up into compartments by lettered leaves. 
These leaves are designed to simplify the finding of filed papers, 
and are movable, so that one compartment may contain all that 
goes into that case, if necessary. I make comparatively few clip- 
pings. My experience does not lead me to value a file by its 
cubic inches. I take care of the pamphlets finally by binding 
them, and on the back of the binding I place certain numbers, 
which are given also on index cards, referring to the contents of 
the pamphlets contained in that binding. The cards are placed 
in the drawer above referred to. Such a filing system as I have 
endeavored to describe can be started at an expense not to 
exceed five or six dollars, and can go on to cover the three 
hundred thousand subjects of the gentleman who collects war 
data. 

The culling out of old data is very simple under my scheme. 
When I refer to a subject in the little drawer I take out all the 
cards and clippings on that subject and run them over. If there 
is anything that has been proved valueless in the meantime, I 
tear it up. The system may not be perfect ; I suppose it is not, 
but it answers my purposes so far, and it takes little time. Ido 
not know what occupation Mr. Miller is engaged in, but I know 
if he were a gas-house hustler he would not have time to carry 
out his plan of filing scraps. 

Mr. Louis Wright.—I would like to indorse the last speaker. 
I had a system in use eight or nine years similar to that which 
the last gentleman mentioned, filing the clippings in separate 
drawers and indexing them by the leading word of the article. 
I found that to work very satisfactorily. I can find anything I 


want on a moment’s notice. alt to et 


ia He mak ot beriash 


What is the best telephone system, between the manager’s office of an exten- 
sive plant and the various departments of the works? 


Mr. C. J. H. Woodbury.—The telephone differs from all other 
methods of communication in that it virtually brings the parties 
into each other’s presence. There is not the delay of messen- 
gers, the conventionalizing of writing, the waiting for a reply; a 
message goes in only one direction; the telephone serves in 
both directions. It brings about a conference, and, as such, one 
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of the highest values is in its application to manufacturing 
_ establishments, for which purpose a fertility of inventive re- 


_ source has been applied to provide apparatus especially adapted _ 
for such use, which naturally differs from what is required in 
the general service of a telephone communicating to a central 
_ exchange, whose ramifications not only extend to other tele- 
_ phones in the vicinity, but, through the long distance lines, over 
such a vast area that a single voice can hold conversation with 


any one of over half the population of the United States. With 


_ the factory system the problem is a far different one, being 


merely that of entering into instant communication with any one 
of twenty, or even more, persons in the vicinity, and the service 


must be furnished at a minimum cost, both for installation and 
attendance. The simplicity of the apparatus as furnished per- 
mits the first condition, while its arrangement provides for a 
complete intercommunication at will among the persons using 
the telephone, without any switchboard or attendant, 

The telephone lines in the factory system are cabled accord- 
ing to the number of stations, in a manner comparable to that 
of certain watchmen’s record clocks, or the usual annunciator 
devices. At each telephone the person calling up any one else 
on the system makes the connection to the telephone desired 
by means of a dial or a plug on the telephone stand, and the 
connection is made without the use of any switchboard or the 
assistance of any other operator, and rings a bell by the touch 
of a button. 

If the person addressed is busy at his telephone, the one 
interfering can learn the fact by transmission of sound, and he 
is informed of the interruption as readily as if it occurred in the 
personal presence of those individuals. 

In this apparatus, any combination of wiring which may be 
desired to meet local conditions is feasible ; for example, all of 
the communications over the lines may pass. through the tele- 
phone on the desk of the manager at his will, without ringing 
that bell, unless one of the departments wishes to address him 
directly ; or the manager’s telephone may be so connected that 
the reverse will not occur, by arranging the wires so that when 
his transmitter is in use he has communication only with the 
party addressed. In some cases it may be preferable to place a 
number or perhaps all of the instruments on a single circuit, 
and summon the party desired by numerical calls on the bells; 


ithe 
¥ 
va 
‘om 
4 
as 
— 
> 
_ 
43 
> 
‘= 
i 
a 
“4 


‘and, at the other extreme of various methods, a small switch- 
board is placed in the office of the works, and attended to by 
some person employed in the counting-room. 

The factory telephone system is purely local, and does not 
involve the cost of investment and maintenance of long lines, 
and complicated switchboards at central stations, with their 
constant attendance, as is the case with the general telephone 
system ; and by reason of this avoidance of expense the cost is 
far less, and the factory system is furnished at a correspond- 
ingly diminished rate. To obtain satisfactory results it is 
essential that the plant should be installed by one thoroughly 
familiar with the apparatus, yet the arrangement of wiring and 
batteries is so simple that a man in charge of dynamos, watch- 
men’s clocks, and annunciators, generally used in manufacturing 
establishments, should also be able to give any attention which 
the corresponding portion of the factory telephone system may 


eae al Recent developments in the manufacture of illuminating gas. Iya 


Mr. M. P. Wood.—I desire to call the attention of the onieie 
to some improvements that have been lately made in the manu- 
facture of gas, either for fuel purposes, or, more particularly, for 
illuminating purposes, as distinguished from the destructive 
distillation of coal. The method ordinarily in use requiring a 
complicated apparatus and great heat, this might be denomi- 
nated a cold process, inasmuch as in the evolution of the gas no 
heat at all is evolved. It is produced, as I will show you here, 
from calcium carbide, and not only from this substance, but 
barium carbide and strontium carbide possess the same feat- 
ures, and possibly to a greater degree than the calcium carbide. 
It is simply a union of common carbon, pulverized (any carbon 
that will make a good carbon filament for electric light, or pulver- 
ized coal), mixed in a definite compound with ordinary builders’ 
lime, quicklime, and then fused in the electric furnace (a sketch 
of the furnace made upon the blackboard), the resulting com- 
pound being a mass resembling the slag from a blast furnace, 
gray in color, very hard, weighing 155 pounds to the cubic foot. 
These substances are fused in an open electric furnace in which 
- the base is a cast-iron plate forming the cathode to which the 
40 
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negative wire from the dynamo is led, and the carbon point 
enters the open mouth of the furnace and makes the positive 
pole connection to the dynamo. The material is shovelled in, 
the current turned on, fusion at once ensues, the furnace is 
tapped, and as it runs off other material is added, and a con- 
tinuous process is had. As we drop this piece of carbide into 


the water, you will notice at once hydration begins, and the gas © 2 


evolved ignites as I apply a match to it. It would burn con- 
tinuously if the air could get to it. It slacks upon exposure to 
the air about the same as quicklime, and requires to be pro- 
tected in the same way. After air slacking, however, it does 
not lose all of its gas-giving properties. Here is some that has 
been air-slacked which I will pour in, and it still evolves gas 
and burns. It should be used while in its primal condition of a 
hard substance. For a domestic apparatus all that is necessary 
is an earthen or metallic vessel of any given capacity, say 
about the size of a Dutch churn, with a litile gas-holder the 
size of a water barrel, and an arrangement of a funnel siphon 
over it, so that as your holder descends it would open a valve 
and allow a small quantity of water to reach the carbide, and 
the evolution of gas at once commences, raises the holder, cuts 
off the supply of water, and it is automatic in all respects. A 
single charge will last from three to four or six months, accord- 
ing to the quantity of gas used. The chemical composition of 
the matter is this: the calcium carbide represented by the sym- 
bol CaO, is hydrated by the addition of water and becomes 
CaC,+H,0. The affinity for the oxygen in combination in 
water is stronger for the calcium than it is for the hydrogen, 
and it comes over to the calcium, forming CaO quicklime, leav- 
ing CO, + H,, or purg acetylene gas. Its specific gravity 


hi 92 (Berthelot) = 69.484 pounds } 


91 (Thomsen = 68.878 pounds ; per 1,000 cubic feet. 


When mixed with 40 per cent. of air, its specific gravity = .9412 
to .946 = 71.1856 pounds per 1,000 cubic feet. Pure acetylene 
calorific power (Thomsen’s formule) 


21,492.7 HU per pound 
rs 1,493.4 HU per cubic foot burning to water (liquid), 


HU per pound 


1,441.4 HU per cubic foot burning to watery TORT, tj 
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~ Its equivalent light unit is 80,000 to 100,000 candle-feet of ordi- — 
nary city gas of 22 to 26 candle-power. The gas of itself is not 
condensible by cold or pressure. It burns with a perfectly white ce 
light, so much so that two half-foot burners, burning 1} feet a a 
of gas each under an inch of pressure per hour, give a = 
equal to diffused daylight. It bears an admixture of 40 per 
cent. air with manifest advantage over burning pure acetylene. — 
This 80,000 candle-feet combination represents the gas when 40 — 
per cent. of air has been mixed with it. Explosive effects of — 
mixture of air and gas cease at about 20 of air tol of gas. — 
When the gas is burned pure it represents from 8,000 to 10 oo 
cubic feet of 80 to 90 candle-power gas. It is perfectly white, 
and more steady than any ordinary gas flame. The flame . 
tough—cannot be blown out under ordinary circumstances by _ 
currents of air or by the mouth, except as you exert yourself a is 
and give it an intermittent blast, which would extinguish _ 
almost anything. The substances that enter into this carbide 
are 2 tons of pulverized coke, 2} tons of quicklime, which, 7# 
united, give 2 tons of CaC., and requires an electrical energy of 
about 75 volts, 2,000 amperes, equivalent to about 200 horse- 
power, which would yield about two tons of carbide for a 24-hour 
day. 

These are the principal facts connected with it. Whether it 
will ever replace city gas is a question of how cheaply it can be 
made. At present this cost represents about 10 tons of carbide 
per day per 1,000 horse-power, or what may be considered 
equal to 24 pounds of carbide per 24 hours per horse-power. 
The alternating current that is ncw being experimented with, in 
distinction to where it has been made by the direct current, will 
probably bring up the production to 20 tons, with a possible 30 
tons in sight for the dynamo duty per 24-hour day. At 10 tons 
the cost of the gas would probably be $1.50 per thousand of 24 to 
26 candle-power. It will completely replace the Pintsch system 
of manufacturing gas from oil, or any other compressed gas from 
the ordinary hydrogen water gas, and the carburetted air gas, or 
the Springfield and kindred gassed-air systems. Domestically, 

a corner of a cellar six feet square would give room for an 
apparatus that would take care of half a dozen surrounding 
houses, and would be perfectly automatic, only requiring the 
charging of the gas generator once in a certain number of 
months. The carbide material would be shipped, or could be 
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handled, in empty oil casks—anything to keep the air from it— 
and in quantities would be shipped very likely in tank cars. As 
we break the substance we find that it has crystallized in the 
cubical form, and some of the crystals, when the carbide has | 
been fresh made, are a very beautiful purplish-blue color, very 
large and very distinctive. In searching for the chemistry of 
the carbides we find comparatively no knowledge concerning 
them. Our text-books of chemistry are barren on the subject 
of carbides, though acetylene gas has been known to chemists 
for over sixty years, and its production from the fusion of char- 
coal and zine by a group of Bunsen elements fully described 
and practised in the laboratory. The advent of electrical science 
in the construction of the dynamo has brought out these subjects 
in the case of borides, silicides, and the carbides, all of which 
are assuming great chemical importance, and all of which are 
gas-making materials. The substances from which they are 
made are widely diffused in nature. That calcium carbide has 
been developed to this point is simply a question of accident in 
the manufacture of carbon filaments for electric light. Barium — 
and strontium, when put into the form of carbides, give a little 
greater percentage of gas than the calcium. They would be — 
represented by the symbols: 
+ H,O = BaO + C,H, = acetylene gas. 

_ Mr. Kent.—I would like you to explain how the 2 tons of 
carbon and 24 tons calcium make 2 tons only of the carbide. 

Mr. Wood.—There is a waste. You will notice in these _ 
samples that the compound is a dark gray color womens of being 
white. It is the free carbon in it. 

Mr. Kent.—That 2 tons is the pure carbide, we the other is 
the residue ? 

Mr. Wood.—Yes, together with the furnace wastes in volatili- 
zaticn and impure furnace slag. 

Mr. Kent.—Is it a simple mono-carbide ? 

Mr. Wood.—That is all; two elements of carbon and one of 
calcium. 

Mr. Kent.—It is curious that in iron the carbides are indeter- 
minable. We donot know them. But here it seems a plain 
carbide. Have you compared the light you can get out of 200 
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the same horse-power ? 
Mr. Wood.—I am informed that one ton of the carbide will 
give an equivalent light of from 80,000 to 100,000 candle feet oe 
of ordinary city gas, 22 to 26 candle-power gas. I have not 
measured the power of the light myself. ) 
Mv. Kent.—Would that give as much light as the electric — eg 
from the same horse-power ? 
Mr. Wood.—That I am not prepared to answer, as deebia, A 
candle-power is a very variable quantity. ' a 
Mr. Durjee—I presume it would be possible to use this _ 
material in the ordinary Dobronnier apparatus, which was 
formerly used for making pure hydrogen for domestic pu 
poses ? 
Mr. Wood.—The ordinary house service-pipes require no 
change at all to use the gas. . 
Mr. Durfee.—I mean, using it as a table lamp, with the — 
Dobronnier arrangement of bell and outside cylinder. : 
Mr. Wood.—This material, when the surplus water is poured 
off, and the deposit is enclosed for a short time within a case, 
develops a very notable per cent. of ammonia—so much so that | 
the refuse is a most excellent fertilizer. There would be no 
waste in it. 4 
Mr. Durfec.—This (referring to a sketch) is the arrangement — 
to which I referred. It consisted of an exterior cylinder in 
which there was a bell. In the bell was suspended a gauze of 
zine or iron. This was an acidulated solution out here. When 
the cock was closed the gas filled the bell and drove the solution © 
away from the suspended zine. Then, of course, the generation 
of gas stopped at once. When the cock was opened the genera- 
tion of gas immediately commenced. The question I meant to 7“ 
ask was, whether such an apparatus, for portable use ina house 


where there were no gas-pipes —whether this calcium carbide 


could not be put in that gauze and used precisely as the zinc — 
was used. 

Mr. Wood.—It would work the same as if the connection was 
made with a little gas receiver, only, in this case, you would con- 
sume pure acetylene, whereas the gas burns with better effect _ 
and is cheaper when mixed with some air. 

Mr. Durfee.—In the old hydrogen lamp the apparatus was not 
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Mr. Kent.—Is any of the calcium carbide available for experi- 
ments? 

Mr. Wood.—Not at present. It is being made ready for the 
market. Within the next 30 days there will be, in the neighbor- 
hood of New York, the first manufacture of it started, at the rate 
of 10 tons a day, and to be followed in January to the amount > 
of 100 tons a day; it is exploited by the principal gas men of 
the United States. Most of the leading presidents of the strong 
gas companies of the United States are at the head of the enter- 
prise. The intention is to complete a number of large plants at 
as early a date as possible, and to use the C,H, for enriching 
water gas, instead of oil or naphtha. Approximately, 5 gallons 
of naphtha are used to bring the ordinary blue, or water, gas up 
to a 30-candle-power light. This amount of naphtha represents 
from 4,200 to 4,800 candle-feet of 30-candle-power gas, according 
to the quality of the naphtha, and the skill used in the process of 
gasifying it. This amount of naphtha would be credited with 
300 cubic feet out of every 1,000 cubic feet of commercial gas 
made, of 30-candle-power, and represents approximately 16 cents 
per 1,000 cubic feet of commercial 30-candle-power gas. It will 
require 300 cubic feet of 90-eandle-power acetylene gas, to be 
mixed with the same quality of blue gas that the oil gas was — 
mixed with, to produce the same 30-candle-power light. This 


would call for the carbide to cost about $5 per short ton to _ 


equal the oil enricher incost. If the price at which the gas can 
be made and put into holders reaches 30 cents per 1,000 cubic 
feet, it will compete then with any of our heat-gas processes of 
the day, as very few, if any, of our largest gas companies succeed 


to-day in putting gas into a holder at less than about 40 cents _ ‘ 


t» the 1,000 cubic feet, actual cost of labor, material, and re- 
pairs. 


Dir. Duvfre.—It would appear that this invention has brought -, 


us to the time when any one can readily set the river on fire. 
Mr. Gillis.—It might be interesting to know that some gentle- 
men came into our works and brought some material which is 
very similar to this. They came up from North Carolina, and 
they said they had large beds of it down there, and they had 
really discovered the river on fire in some locations. I do not 
say that it is this material, but it is something similar. They 
called it calcium phosphide. 
Mr. Wood.—I presume it is the same material as this I pre-. 
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eee was made at Leakesville, North Catclinn. It probably 
came from the same concern, as it hydrates and burns like it. 
It is a calcium carbide, instead of a calcium phosphate. There 
is no phosphorus in the material from which the carbide is 
made, and if there was, it would probably be eliminated during 
the process of fusion of the calcium, the same as in the basic 
process of making steel. The coke used for making the car- 
bide contains some sulphur, but no sulphurous compounds are 
found in the acetylene gas. The high heat of the furnace, 
the presence of the calcium and silica in the fire-brick lining 
of the furnace, all combined, dissipate the sulphur by volatili- 
zation, or flux it out of the bath. I would state this is not 
my invention. It is the invention, or, rather, the stumbled- 
on discovery of Mr. Louis C. Wilson, formerly of Leakesville, 
North Carolina, who was at the head of an electric plant there 
manufacturing carbon filaments. They found in their experi- 
ments large quantities of this material. It was thrown away, 
until somebody stumbled on the point of hydrating it, when 
the evolution of gas was discovered. The process is in the 
course of being patented. Sir Humphry Davy experimented 
with it in the twenties, and produced it by the action of zinc 
fused with charcoal, with Bunsen batteries of about two to 
three hundred elements. It has been known in chemistry a long 
time, and has been used to a greater or less extent by chemists 
in the preparation of pure acetylene gas. It is not absolutely 
pure when made with zinc ; it contains about 2 per cent. of free 
hydrogen; but when made from the calcium, or barium, com- 
pounds it is said to be almost absolutely pure. These specimens 
contain no known percentage of hydrogen, though the presence 
of ammonia, NH., would indicate the presence of some free 
hydrogen, that, uniting with the nitrogen set free by the com- 
bustion of the air present in the open furnace, and the presence 
of the high heat from the electric arc and fused calcium, would 
furnish all the conditions necessary for the production of the 
NH,. 

Mr. Durfee-——One very important possibility, it struck me, in 
connection with this new invention, is its use in naval warfare. 
A few hundred shells exploded in the vicinity of an enemy’s 
vessel, and ignited by the blast of his own guns, could be very 
to make it I should 
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OF THE 


SOCIETY OF MECHANICAL ENGINEERS, 


June 25 to June 28, 1895. bia 140 
LOCAL COMMITTEE, 
M. SmitH, Chairman. Nor Ton, 
8. A. Bavau, W. A, PENDRy, 
C. E. BEMENT, T. H. RoBERrtTs, 
P.M. CHAMBERLAIN, RUSSEL, aii 
W. L. CLEMENTS, J. A. SLACK, 
M. T. ConkLIn, D. Steet, TA 
M. E. Coouey, itt CHARLES STEELE, 
F. M. Dunuap, H. E. WHITAKER, 
R. G. Ewer, wld 103 C. B. CALDER, 
THOMAS FARMER, JR., ALEXANDER Dow, at 
H. S. Hoper, F. W. Hopeges, 
8. E. JARVIS, F. C. WAGNER, 
W.J.KeeP, @rorGe H. Lornror, 
F, E. Krrpy, 8. Conant, 
Tar XXXIst meeting of the American Society of Mechanical __ 


Engineers was convened in the city of Detroit, Mich., on Tuesday, a 

June 25, 1895. The hospitable intentions of the members resi- __ 
dent in Detroit, and of the citizens whom they had grouped around — 
them, began in advance of the first professional session with an tS 
invitation to be their guests upon a drive to Belle Isle Park, which a aa 
is located in the Detroit River. Tickets were supplied to the vise 
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iting members for the ferry-boat which conveyed them to the 
island landing, and at that point carriages provided by the local 
committee were in waiting, to convey the party in a most enjoy- 
able tour through the driveways of the park. Returning over the - 
bridge which connects the island with the city, the carriages tra- 
versed interesting parts of the city and returned to the hotel. 
The hotel headquarters were in Room 1 of the Russell House, on 
the main floor, and the business sessions were held in the hall of 
the Young Men’s Christian Association, on the corner of Griswold 
Street and Grand River Avenue. 


 Opentne Szssion. TvuESDAY, JUNE 25. 


President EK. F. C. Davis called the first session to order at 
8.30 P.M. for professional papers. The three that were read and 
discussed were those by Messrs. Robert Allison, entitled ‘The 
Old and the New;” A. M. Goodale, entitled “A New Form of 
Sterilizer ;” and W. H. Francis, entitled “ A Portable Disinfecting 
Plant.” The former received discussion by Messrs. Rockwood, 
Holloway, Kent, Jones, and Warner. 

Topical discussions were then elicited on the question of the 
relative merits of the milling machine and the planer, and upon 
the question of the best method of separating finely divided metal 
particles in an oil. 

At the close of the session an adjournment was had to a most 
enjoyable reception, with collation in the lecture-room adjoining, 

at which an opportunity was given for the guests and their ladies 
to meet their hosts. 


SEssion. WEDNESDAY, JUNE 26. 


The business session of the convention was convened at 10 a.m. 
The register in headquarters showed the following members in 
attendance : 


Allison, Rob’t, Bates, A. H., Brashear, Jno. A., 
Angus, Rob’t, Baugh, S. A., ‘Bray, C. W., 
Atterbury, W. W., Beck, M. A., 
Bang, H. A., Bement, C. E., Bryan, Wm. H., ib 
Barnes, D. L., Bierbaum, C. H., H. W., 
Barrus, Geo. H., Blackburn, A. H., ‘Bull, Storm, ~f ; 
Bauer, C. A., Bole, W. A., A. W. 
Basford, Geo. M Bonner, W. T., Burns, A. 
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Calder, C. B., 
Carpenter, R. C., 
Cheney, W. L., 


Chamberlain, P. M., 


Cole, J. W., 
Conrader, R., 
Conklin, M. J., 
Cooley, M. E., 
Church, E. D., 
Conant, Wm. &., 
Cooper, H. R.., 


Davis, E. F. C. (Pres.), 


Dodds, Elihu, 
Ewer, R. G., 
Farmer, Thos., 
Fawcett, Ezra, 
Foster, E. H., 
Frith, A. J., 
Geer, Jas. H., 
Giddings, C. M., 
Gobeille, Jos. L., 
Goss, W. F. M., 
Gowing, E. H., 
Haberlin, H., 
Hartness, Jas., 
Henning, G. C., 
Herman, Ludwig, 
Hill, W. E., 
Hinchman, T. H., 
Hodge, H. S.. 
Hodges, F. W., 
Holloway, J. F., 
Holman, M. L., 
Howard, Geo, E., 
Hunt, C. W., 


Hunt, R. W., Po 


There were also many guests and ladies present through the 


meeting. 


follows: 


Hunting, A. A., 
Hutton, F. R. 
Jacobus, D. 
Johnson, J. B., 


Jones, Washington, 


Keep, W. J., 
Kempswith, Frank, 
Kent, Wm., 
King, C. C., finda 
Kirby, F.E, 
Kirchhoff, Chas., 
Kuhn, Jos., 
Laforge, F. H., 
Laird, J. A., 

Lane, H. M., 
Lavery, Geo. L., 
Loring, C. H., 
Low, F. R., 
Magruder, W. T., 
Mahon, W. L’E., 
Marshall, W. H., 
Mattsson, A. G., 
Meier, E. D. 


Mesta, Geo., 


Miller, F.J., 


Miller, Walter, 
Mix, M. W., 
Moore, E. L., 
Meyer, H. C., 
Norton, C. H., 
Park, Wm. R., 
Parks, E. H., 
Paul, J. W., 
Pendry, W. A., 
Platt, Jos. C., 
Porter, H. F. J., 


The first business was the report of the tellers, to count and 
scrutinize the ballots cast for members. 


Prosser, Jos. G., 
Rearick, C. B., 
Roberts, T. H., 
"Rockwood, Geo. I. 


in Rumely, W.N., 

Ww. D., 

Shankland, E. G., 
“Smith, Jesse M., 

Sorge, A 
Stanwood, J. B., 

Stiles, N. C., 
Stratton, W. H., 


eve Swasey, A., 
Sweet, Jno. E., 
Stearns, Albert, 
A. 'P., 
Varney, W. W., 


Warner, W. R., 
fier Whiting, C. W., ith 
Whitney, E. H., 
Woodbury, C. J. H., 


winery Wyman, H. W., 
Willis, E. J., 

Whitaker, E., 


Their report was as 


The undersigned were appointed a committee of the Council, b 


act as Tellers (under Rule 13), to scrutinize and count the ballots 
cast for and against the candidates proposed for membership in 
the American Society of Mechanical Engineers, and seeking elec- 
tion before the Thirty-first Meeting, Detroit,1895. = 
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They have met upon the designated day, in the office of the 
Society, and have proceeded to discharge their duty. They would 
certify, for formal insertion in the records of the Society, to the 
election in due form of the persons whose names appear on the 


appended list, to their respective grades. 
There were 476 votes cast, of which 17 were thrown out be- 

cause of informalities (the members voting having neglected to 

indorse the sealed envelope with their personal signature). 


Ages 


Bettendorf, Wm. P., 
Boerner, Emile C., 
Calder, C. B., 

Dow, Alex., 

Hardy, Geo. Fiske, 
Hardy, Geo. R., 
Hodges, Fredk. W.., 
Horton, John Theodore, 
Hunt, Andrew M., 
Kelly, Jas. R. F., 


Blood, John B. 


Fairbanks, Robert Noyes, 


Farrand, Dudley, 
Gubelman, Fred. J., 


JOHN THOMSON 
FF. H. Batt, 


ELECTED AS MEMBERS. 


Le Fevre, Peter E., 
Lindsay, Wm. Edward, 
McElroy, Jos. A., 
McKay, John Edwards, 
MeMillin, Emerson, 
Mathews, Wm. Edwin, 


Mead, Frank Seabury, 


Mossberg, Frank, 
Robeson, Anthony Maurice 
Schmidt, Chas. R., 


ELECTED AS ASSOCIATES. 


Hedenberg, Wm. L., 
Kretschmer, F. G.., 
Lothrop, Geo. H., 
Newhall, John B., 


Tellers of Election. 


Sergeant, Chas. H., 


Serrell, John A., 
Shankland, Edw. Clapp, 
Stillman, Howard, 
Valentine, Daniel, 

Wagner, Frank C., 
Wellman, Chas. H., 
Weil, Chas. Lewis, 


Aes, 


, Whinery, Samuel. 


ermal 
Newton, Chas. E., 
Robinson, Cyrus, 


Uhlenhaut, Fritz, Jr., 
Willis, Edward Jones. 


PROMOTION TO FULL MEMBERSHIP. 


Cooper, Henry R., 


Glenn, H. F., 
Ridgley, Wm. Barret. 


Magoun, Henry A., 


PROMOTION TO ASSOCIATE MEMBERSHIP. 


Ackerman, Wm. &., 


Booraem, J. Francis, 
Brown, Frank G., Jr., 


Anderson, Fredk. Paul, 
Prather, Henry B. 


ELECTED AS JUNIORS. 


Hepburn, Fredk., 
Hinchman, Theo. H., Jr., 


Colles, Geo. Wetmore, Jr., Howard, George Edwin, 


Conant, Wm. 
Cottier, Joseph G. C., 
Crain, L. D., 

Follows, Geo. Herbert, 
Gray, John Wilson, 
Wn. 


Katte, Edwin Britton, 
King, John H., 
Macdonald, Jas. Victor, | 
Paul, John Wallace, 
Perry, John Cranston, 
Perry, Samuel B., 

Rice, Arthur L., 


Church, E. D., Jr., 


Ross, Taylor Wm., 
Sanborn, Francis Noel, 
Sanderson, Ed. Spaulding, 
Shellenberger, Louis Ray., 
Stafford, Benj. Ed.De Witt, — 
Towne, Fredk. Tallmadge, 
Treat, Chas. Henry, 
Weber, Otto L. E., 


Young, William 8. 


by 
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A committee had been appointed by the Council to coéperate hey 
with representatives of the Architectural League of New York, | 
and the Underwriters represented by the Tariff Association - 


New York, to investigate and test methods of fireproofing struc- 4 

tural metals in buildings, and to obtain data for standard specifi- = 4 i‘ 

cations. This committee consists, for this Society, of Messrs. H. ode i 

de B. Parsons and Thos, F. Rowland, Jr. Their report of prog- ae 

ress was as follows: q - 
Your Committee on Fireproofing Tests begs leave to ves 


progress. This committee was formed for making tests of fire- — a 
proofing materials now in the market, and to obtain, if possible, 
data relating to such materials as would be a help to engineers _ - 
and architects in designing and constructing fireproof buildings, = 
The plan of the committee is to construct a furnace in imitation 

of a room, the walls being built of different classes of material, __ is 


such as are used in partitions and exterior walls, the roof to imi- — : 
tate a fireproof ceiling, supported by a column of the usual’ con- - = 
structions. This ceiling and column will be loaded by dead eS. 
weights and a hydraulic press. When ready, this chamber will 
be heated as near as possible to the conditions in an actual fire, = 
only maximum effects being considered. sig 
The iron column or steel in column and roof beams will be pro- ae 
tected by different fireproofing materials, and the effect of the a 
fire will be noted in each case. Ne 
Your committee is associated with a committee representing the ae 
Fire Underwriters’ Association of this city, and also a committee “os 
representing the Architectural League of New York. Both these Be: 


associations have guaranteed a certain sum of money each, and a 


the architects throughout the country are being requested to sub- on 
scribe. 

When sufficient money has been raised, the tests will be under- Bi: 
taken and carried out as rapidly and as uniformly as circumstances - 
will permit. It is hoped that the fireproofing materials to be tested 4 Ss 


will be furnished free by the manufacturers, and that the manufac- 
turers of structural metals will supply the necessary columns and ‘ar 
beams. One of the labor schools in Brooklyn has kindly offered ae 
the services of its students for the labor of erection of the furnace. a 
The Continental Iron Works of Brooklyn has kindly given the 
use of the necessary ground, and also kindly arranged to allow 
the committee to use its gas for the generation of heat. 
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Your committee requests that if any of the members of the Amer- 

ican Society of Mechanical Engineers is especially interested in 

this work, that he will furnish any information that he may have 

on the subject, and if any member wishes some particular test 

made, your committee will be much pleased to be placed in com- 

munication with him. 
Yours respectfully, 

H. B. Parsons, 

THos. F. Row Lan, JR., 


Committee. 


ax 

Mr. G. C. Henning, Secretary and Reporter for the Society’s 
Committee on Standard Methods of Tests and Testing Material, 
presented a report of progress as follows: 


Mr. Gustavus C. Henning.—There is one paper presented which 
is the historical part of the work done by the committee so far. 
The committee has not had an opportunity to meet and consult. 
in regard to the results, for the reason that the results of strength 
and resistance have not yet been completed and tabulated. On 
the other hand, Mr. Keep has presented two monographs; one is 
based on the breaking strength of cast iron, without reference to 
the size of the bars; and the other is a new line of investigation, 
referring to the expansion and shrinkage of bars of metal under 
the cooling effect in the mould and in the air. These two papers 
Mr. Keep will present in person. The papers are presented now 
in a preliminary form, with the idea of having plenty of opportu- 
nity to discuss them by December, at our annual meeting. This 
will put the matter before the Society in such a way that the 
members can undertake individual investigation and understand 
and corroborate the work that has been done. But the com- 
mittee itself has not taken any action on this work. There is no 
need of reading that paper on the historical part of the test, 
because you will all see what it is—it is simply a foundation for 
the work that the committee is doing; and as you read the 
results you will refer back to this to know how the tests were 
made, in order that you may either duplicate the tests or find out 
whether there is any criticism proper with reference to how the 
material was obtained for the tests. That is all that the com- 
mittee has to report at present. 


This report, in full, will be found as a paper of this convention, 
and the two monographs by Mr. Keep, “ Transverse Tests of Cast 
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pendent papers, with appended discussions in the sequel. 

At the close of the debate on the papers of Mr. Keep the sec- 
retary presented, in the name of the Society’s committee which 
was to consider and report concerning a standard gauge for thick- 
nesses of metal, the following report : 


REPORT OF COMMITTEE. at 


The Society’s Committee on Standard Thickness Gauge for 
Metals was appointed in the autumn of 1892, has had the subject 
under earnest consideration, and has reported progress both in 
1893 and in 1894. 

It has aimed, in furthering the work committed to it, to secure 
the co6peration of the other societies of America, and the pos- 
sibility of an international system has received earnest attention. 
The committee has met in joint session as a joint committee with 
the representatives of the American Railway Master Mechanics’ 
Association, and committees of codperation have been appointed 
by the Canadian Society of Civil Engineers, the Engineers’ Club 
of Philadelphia, the Civil Engineers’ Society of St. Paul, and 
the Engineers’ Club of St. Louis, and the joint recommendation 
of this committee and the committee of the American Railway 
Master Mechanics’ Association has received cordial and apprecia- 
tive support. 

The committee therefore report the success of their efforts to 
bring into acceptance the use of a gauge whose number for each 
thickness is the number of thousandths of a standard inch in 
that thickness. 

Where a notched gauge is used the suggested standard form is 
an oval gauge, stamped with the words Decimal Gauge, and the 
committee further recommends the abandonment and disuse of the 
various other gauges now in use, as tending to confusion and error. 

The committee therefore recommends that the members of the 
American Society of Mechanical Engineers be advised to use and 
recommend to others the Decimal Gauge, in which the thickness 
of dimension shall be given in thousandths of an inch, and 
present the following resolution : 


Resolved, That the report of the committee of the American Society of Me- 
chanical Engineers be accepted, which favors the use of a Decima! Gauge for thick- 
ness of metals, the number denoting the thickness to be the dimension of the 
notch in thousandths of an inch. 
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. Wm. Kent—I would like to ask whether the ate 
2 caiiiaad the question of adding to their report a recom- 
mendation with respect to the law passed by Congress about two 
years ago to establish a standard gauge for boiler metal. I know 
that the manufacturers of the United States are doing the best 
they can to facilitate the use of that gauge, and in our headquar- 
ters in Detroit are some circulars to that effect. I think that 
the committee might take steps to urge the repeal of that law. 
It is such a very bad law that I think it ought to be repealed. 
Tam heartily i in favor of the recommendation of the committee. 

Mr. E. D. Meier.—I think that that law is so ridiculous that it 
does not require repeal. 

The President.—I agree with you. I would call attention to the 
careful wording of the report, in accordance with the Society’s 
precedents in these matters, that the resolution does not recom- 
mend the adoption by the Society of the Decimal Gauge, but 
simply proposes that the Society accept the report of its com- 
mittee. The gauge thus receives the weight which its careful 
consideration by an expert committee has given to it, but the 
Society as a whole does not make itself responsible by adopting a 
gauge. 

Mr. Chas. H. Norton.—May I not ask if the recommendation 
does not mean this—that we measure by thousandths of an inch 
instead of by inches ; simply have a piece of steel with notches 
cut in it, supposed to be so many thousandths of an inch? Is not 
that it ? 

The President.—Yes, sir ; instead of the arbitrary gauge which 
means nothing. 

Mr. Chas. H. Norton.—What objection is there to our recom- 
mending people to measure by something which they can see and 
understand, instead of by a gauge which has a number in it which 
does not mean anything particularly ? 

Mr. David L. Barnes.—It seems to me that our object should 
be to bring this Decimal Gauge, which will be taken as a 
standard of the association, before all the members. It never 
can be done at an open meeting such as this. It only can be 
done by letter ballot. That is the experience of the railroad 
associations; and I would like to make an amendment to the 
resolution, that this matter be submitted by letter ballot as to all 
the members, establishing a precedent that may be taken as a 
standard for this association in such questions 
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The ,¢ Secretar y.—I would like to take the floor in opposition to _ 
Mr. Barnes’s motion. I think it is very undesirable that we should 
go back on the Society’s precedents in the matter of action upon > a all 
proposed standards to which reference has been so clearly made. 
We do not want to put ourselves on record as adopting anything _ Bee 
in the way of a standard, because we have run foul already of the - 
approval which we gave by implication some years ago to astand- 
ard in the matter of testing boilers, and we propose to revise it at Ae 
this very meeting, perhaps. I think that the best thing we can do a 
is to say that the energy and capacity of a very strong committee 
of the Society has been directed towards the favoring of the Deci- __ 
mal Gauge, and that we accept the report of this capable commit- 
tee, and that is as far as we go. The information which the 
Society has had from its committee is already full and ample, __ 
because there was circulated, just after the New York meeting, _ 
when our committee reported, a preliminary report of progress,in __ 
which the intention of the committee was stated. Actionhasonly _ 
been deferred so long as it has in order to secure concurrent action 
of other societies. That action has been taken by the other soci- —_— 
eties, and all that remains for us to do now is simply to adopt the a a Ae 
report of the committee and let it be printed. All that wewilldo, 
in accepting the report, is not to disapprove the recommendation — s — 
of the committee, and it does not seem to me that a letter ballot — : i: ce. 
would be advisable or necessary. Consequently I oppose Mr. ¥ a 
Barnes’s motion on that ground. ae 

Mr. Henning.—I most heartily indorse what Professor Hutton _ 

has said in regard to this matter. We do not recommend any 
standards. The procedure of the Society opposes such action. 
It simply accepts the reports of committees which are specialists 5 es 
in their line, who do the best they can, and announce to us what 
they think is the best that can be done. Now, if we do any more 
than accept this report, if we issue a letter ballot, then immedi- _ 
ately every one else will say the Society at large has accepted that 
report. They will make no distinction, any more than they make | 
the actual distinction now in regard to the boiler trials report. 
Every one says that is the Mechanical Engineers’ standard. We 
have never adopted that method for making tests; our constitu- Mo 
tion forbids such a thing. If we merely accept the reports of 
committees, they go on the records, and if at any future time ae. 
something comes up which requires further discussion, we can _ 
take it up at any meeting. Those interested will bring it up for 
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discussion. To issue a letter ballot is practically to bind the asso- 
ciation as a whole to the adoption of a standard. 

Mr. Barnes.—With the permission of the gentleman who sec- 
onded my amendment, I will withdraw that motion, it having been 
made under a misunderstanding. I supposed it was intended that 
the gauge should be a standard or recommended practice of this 
Society, and to be adopted as such. 

Mr. Holloway.—I would move that the report of this committee 
be accepted by the Society and placed on file, and published in 
the volume of T'ransactions. 

Mr. Kent.—I second that motion. © er 

The motion was carried. aon 

At the close of the stated business, Mr. E. D. Meier presented, 
in the name of the members of the Society resident in the city of 
St. Louis, Mo., an invitation that the spring meeting of 1896 
should be held in that city, The remarks on this subject were as 
follows : 


Mr. E. D. Meier.—The St. Louis members of the American 
Society of Mechanical Engineers desire to invite the Society to 
hold its next year’s spring convention in St. Louis. We are reén- 
forced in this by two representative bodies of our city. The 
Manufacturers’ Association and the Business Men’s League have 
both authorized me to extend a hearty welcome to the Society to 
meet at St. Louis. I assure you that we will give you a hearty 
welcome, and make your stay a pleasant and agreeable one. 

Mr. M. L. Holman.—I desire to present, further, in the same 
connection, the official invitation of the St. Louis Engineers’ Club 
bearing on this point. We have, in St. Louis, some interesting 
things in the way of street-car facilities, electric lighting on a 
large scale, and some very large manufacturing plants. 

The invitation from the Engineers’ Club of St: Louis is as 
follows : 

June 24, 1895. 
To THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS, DETROIT, MICH.: 

Gentlemen: In selecting a meeting-place for the convention which will be 
held in the spring of 1896, we trust that the claims of St. Louis will receive fav- 
orable consideration. We heartily indorse the invitation which is to be extended 
by the St. Louis local membership. The Engineers’ Club of St. Louis will join’ 
them in endeavoring to make your stay here both pleasant and profitable. 

Respectfully, 


ENGINEERS’ CLUB oF LOUIS, 
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After the had subsided with which these 
were received, 

Mr. Jos. C. Platt.—I move, as the sense of this meeting, that 
this invitation be accepted, and that the matter be referred to the 
Council, with power to make this arrangement. 

Mr. Holloway.—With the hearty seconding of those present, 
and with the certainty that we shall have a warm reception in St. 
Louis. 

The motion was carried. ae 

The President.—Under Article 31 of the constitution it be- — 
comes the duty of the president at this meeting to appointa  — 
nominating committee of five members, to nominate one president, — 
three vice-presidents, three managers, and one treasurer for the 
next annual meeting. I appoint on that committee Messrs. — 
Charles H. Loring of New York, C. J. H. Woodbury of Boston, __ 
Robert Allison of Port Carbon, Pa., W. J. Keep of Detroit, Mich., _ 
and Joseph Leon Gobeille of Cleveland, Ohio. 

No other general business being presented, the prereneere 
papers were then taken up, the first one being that of Mr. F.W. | 
Dean of Boston, entitled ‘‘ The Efficiency of Boilers.” Mr. Dean’s ia 
paper concluded by moving the following resolution as amended: _ 


Resolved, That the Council of the American Society of Mechanical Engineers 
be requested to appoint a committee of nine members of the Society to consider is 42 
the standard (of 1886) method for conducting steam boiler trials, reported tothe 


Society by a committee at that time, and if, in the judgment of that committee, _ 
a revision of that standard would be desirable, that such committee report its — = 
recommendations to the Society. E 


This motion being duly seconded and put, was carried, and the 
Council, at a session during the convention, appointed as such — 
committee Messrs. Barrus, Coon, Dean, Emery, Hunt, Kent, Por- _ 
ter, Potter, and Thurston. The discussions on Mr. Dean’s paper _ 
which led to this action will be found appended to that paper. _ 

The session then adjourned for a luncheon, tendered bythe Com- | 
mittee of Arrangements, on the roof garden which is a feature of 
the Chamber of Commerce building of Detroit. Between tr 
hours of 1 and 2.30 the lunch room was reserved exclusively for — 
the use of members and guests, and the fine breeze and the out- 
look over the city were much appreciated. we ducal 
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Tuirp SEssioN. WEDNESDAY AFTERNOON, JUNE 26. 

Reassembling at 3 P.M. in the convention hall, the following 
papers were taken up and discussed : 
; By Prof. De Volson Wood, on the “ Strength of Iron as Affected 

by Tensile Stress while Hot,” and by Prof. R. C. Carpenter, on 
_ the “ Effect of Length of Specimen on the Percentage of Duc- 
tility,” discussed by Messrs. Henning and Carpenter. 

Mr. W. A. Gabriel’s paper was entitled “A T-square and its 


Mountings.” 


Messrs. Thurston, Henning, and Sweet discussed Prof. R. C. 
Carpenter’s paper on “ Force Required and Work Performed in 
Driving and Pulling out Wire Nails,” and Messrs. Jacobus, Hen- 
ning, and Kent discussed his paper on a “ Coal Calorimeter.” 

Professor Goss’s paper on “ New Forms of Friction Brakes ” 
was discussed by Messrs. Rockwood, Jacobus, Whitney, Angus, 
Henning, and Willis. 

Mr. Willis’s paper on a “ Horse-power Planimeter” was dis- 
cussed by Messrs. Kent, Bierbaum, and Jacobus. 

The concluding paper of the session was that by Prof. D. S. 


Jacobus, on “Tests to show the Distribution of Moisture in 


Steam when flowing in a Horizontal Pipe ;” discussed by Messrs. 
Meier, Carpenter, Kent, Royse, Willis, and Barnes. 

Arrangements had been made by the fire department to ex- 
hibit to the engineers a feature of the fire system of Detroit, 
whereby large mains from the river front can connect a series of 
fire hydrants directly to the pumps of a powerful fire-boat. At 
the Park Circus, at 5 o’clock, a public exhibition was most suc- 
cessfully made in honor of the visitors. The events were as fol- 
lows : 


(1) Six 1}-inch streams from one hydrant, 100 feet of hose to each. This is 
accomplished by means of a spreader on each hydrant opening, through 23-inch 
hose. 

(2) Three 14-inch streams of 100 feet each, through 8-inch hose. thal) mis 

(3) Two 1%-inch streams of 100 feet each, through 3-inch hose. he ete 

(4) Two 2-inch streams of 100 feet each, through 3-inch hose. ss ges 

(5) One 2}-inch stream, three lengths of 50 feet each, 3-inch hose, siamesed into 
one 50-foot length of 34-inch hose. 

(6) One 23-inch stream, three lengths of 50 feet, 3-inch hose, siamesed into one 
of 50 feet of 34-inch hose. 


The boat started with 120 pounds of water pressure. 
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In the evening a most enjoyable reception was tendered to the 
Society by citizens of Detroit, at the Detroit Club, corner of Fort 
and Cass Streets. This was a dress reception, with decorations, 
music, and a very handsome supper, ending with dancing for the 
ladies, and a smoking conversazione for the gentlemen. = —~ 
i 

The papers of this session were by Prof. De Volson Wood, 
presenting an “ Analysis of the Tremont Turbine,” discussed by 
Mr. Nagle; by Mr. M. P. Wood, on “ Rustless Coatings for Iron 
and Steel;” by Mr. F. W. Taylor, on “ A Piece-Rate System,” 
discussed by Messrs. Gantt, Penton, Rogers, Kent, Barnes, 
Henning, Bement, Platt, Gobeille, Holloway, Norton, and Warner. 

The paper by Mr. W. H. Bryan, upon the “ Down Draught 
Furnace for Steam Boilers,” was discussed by Messrs. Dow, 
Nagle, Kent, Carpenter, Meier, Taylor, Laird, Holman, and 

tockwood. 

The paper by Mr. E. J. Armstrong, on “A New Shaft Gover- 
nor,” elicited discussion from Messrs. Fawcett, Allison, and 
Sweet. 

The session then adjourned. ie 

The excursion of this afternoon and evening was one of the 
most notable of the week. The fine steamer City of Cleveland 
had been put at the service of our hosts by the Detroit and 
Cleveland Steam Navigation Company, and a large party of mem- 
bers and guests was delightfully conveyed to Star Island, on the 
St. Clair Flats. Luncheon was served on the boat and music was 
rendered by an orchestra. After a fish supper, served most com- 
fortably in the hotel dining-room, the boat returned, reaching its 
wharf in the neighborhood of 9 o’clock. The experience was a 
—— one to by far the majority of the excursionists. 


Session. Fripay, JUNE 28. 


Fourts Session. THURSDAY, JUNE 27. 


The opening paper was by Mr. Geo. S. Morison, on “ Expansion 


Bearings for Bridge Superstructures,” discussed by Mr. Henning; __ 


Professor Carpenter’s “ Tests of the Experimental Engine of Sib- 
ley College, Cornell University,” was discussed by Messrs. Kent, — 
Rockwood, and Bull. 

The papers by Messrs. E. C. Knapp, on “‘ A Method of Propor- 
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tioning the Cylinders of Compound Engines,” and of Prof. D. C. 
Jackson, reporting “Tests of a Combined Electric Light and 
Electric Railway Station,” were discussed together by Messrs. 
Stanwood, Rockwood, Kent, Jesse M. Smith, Hutton, Davis, 
Stearns, Stetson, Rearick, Bryan, Carpenter, Keep, and Bull. 

The closing paper, by Mr. Geo. M. Brill, on “Pipe Covering 
Tests,” was discussed by Messrs. Taylor, Kent, Rearick, Stearns, 
Carpenter, Rogers, and Nagle. 

The excursion of this afternoon included a visit to the Power 
House of the Public Lighting Commission, and to the Michigan 
Stove Works, in carriages which met the party at the convention 
hall and at the hotel, for their convenience. Luncheon was most 
acceptably served in the offices and corridors of the Stove Works, 
and an opportunity was given to witness the operation of a device 
described in a paper of the meeting, for recording the changes of 
length in a cast-iron bar, as it passed from the liquid to a solid 
state. Escorted thence to the plant of the Detroit Oak Belting 
Company, a further collation was served under a tent, and thence 
the party embarked on board the steamer Pleaswre for a visit to 
the pumping station of the City Water Works, and to visit, upon 
the Canadian side, the exceptionally handsome office building of 
the firm of Hiram Walker & Sons, at Walkerville. The boat, 
returning, landed some of its passengers for outgoing trains, and 
the convention was at an end. 

At the closing professional session Mr. J. F. Holloway, report- 
ing in the name of a Committee on Resolutions, presented the 
following series of resolutions: 

The American Society of Mechanical Engineers, having been the honored 
guests of the Chamber of Commerce of the city of Detroit, during a part of its 
stay in the city, and desirous that a sense of its appreciation for favors received 
may be conveyed to that body, for its efforts and interest in contributing to the 
success of our convention by the use of their well-arranged Roof Garden on 
Wednesday, for the preparation of maps, folders, and other printed matter of 
interest, and for other attentions, hereby tender them our hearty vote of thanks. 

As the Directors of the Detroit Club have shown signal courtesies to the 
Members of the American Society of Mechanical Engineers and their ladies, in a 
manner that has been particularly enjoyable to us all, this resolution is presented 
t» record in a more permanent way the appreciation which all have of the enjoy- 
able manner in which the directors have displayed their kindly feelings towards 
us, and that for the opportunity afforded us of visiting their splendidly equipped 


club house, and of meeting so many distinguished citizens, we tender hearty 
thanks. 


Among the long-to-be-remembered courtesies extended to the American Soci- 
ety of Mechanical Engineers when in Detroit is that of the Detroit and Cleve- 
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land Steam Navigation Company, for the generously tendered, complimentary use 
of their magnificent steamer, City of Cleveland, for the trip to ‘‘ Star Island,” the 
Venice of the unsalted seas. For the attentive courtesies shown by all during 
the excursion, for the opportunity, for the first time afforded many of us, of rid- 
ing on the clear waters of the Detroit River, we ask that they will accept our 
hearty thanks. 

The American Society of Mechanical Engineers, recipients of most enjoyable 
and appreciated courtesies at the hands of the Michigan Stove Company, desire to 
return to that company, its president, officers, and genial representatives, and to 
all connected with them, a most heartfelt vote of thanks for their considerate 
attention, transportation, and entertainment at luncheon, as well as for the op- 
portunity that has been afforded us of inspecting works and methods which 
have largely contributed to make the city of Detroit the important industrial 
centre it is. 

To the Detroit Oak Belting Company the Society desires, by a vote of thanks, 
to express its appreciation of their efforts to make our visit one of pleasure 
and enjoyment, by inviting us to visit their works during our stay in the city. 

Among the many and generously tendered marks of consideration shown the 
American Society of Mechanical Engineers during their meeting in Detroit is 
that of the Detroit, Belle Isle and Windsor Ferry Company, in tendering for our 
use on Friday afternoon their admirably equipped boat The Pleasure, by which 
to visit the many points of iuterest along the river front, and for their kindly con- 
sideration of our comfort and pleasure we hereby tender our thanks, coupled 
with best wishes for their success and continued prosperity. 

The American Society of Mechanical Engineers has had an opportunity to 
witness the operation of the system of pipe lines for fire protection which is a 
notable feature of municipal engineering of the city of Detroit. To Mr. Jas. E. 
Tryon, Secretary of the Fire Commissioners, and his colleagues, and to the ener- 
getic representatives of the department, we desire to return thanks for the exhi- 
bition given and the honor conferred upon us. 

The American Society of Mechanical Engineers desire to express to the Water 
Commissioners and to the Public Lighting Commission, by a vote of thanks, their 
appreciation of the courtesies extended, and for the opportunities which have 
been afforded us of visiting the admirably arranged departments under their 
control. 

Among the unique and pleasurable experiences of the American Society of 
Mechanical Engineers, during their meeting in this city, was the visit made to 
the handsome business offices of Hiram Walker & Sons, of Walkerville, at the 
invitation of that firm, and for this invitation and for the attention shown us, 
we beg Messrs. Walker & Sons to accept our hearty thanks. 

The American Society of Mechanical Engineers have, during their visit at 
Detroit, been honored with invitations to visit many of the industrial establish- 
ments for which the city is noted, and while it has been impossible for the Soci- — 
ety as a whole to accept these various invitations, many of our members have 
done so, and we wish to heartily thank the Farrand & Votey Organ Company, 
the Peninsular Car Works, the Michigan Stove Company, the Detroit Dry Dock 
and Engine Works, the Riverside Iron Works, the Frontier Iron Works, the var- 
ious Power Stations, and others who have honored us by thus remembering us 
during our stay in this city. 

As no meeting of the American Society of Mechanical Engineers would be 
complete, or a success, without the laborious efforts of a local committee, so 
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would a series of resolutions be incomplete which did not at least attempt to 
recognize their hard work, which has made this, the Detroit meeting, a notable 
success in each and all of its varied features, To some of us the difficulties to be 
overcome, the innumerable details to be carefully worked out in advance of such 
a meeting, are not unknown, but to all of us it has been fully demonstrated by our 
sojourn in the city of Detroit during the past week, how the admirable tact, good 
judgment, industry, and patience of a local committee have served to make us 
walk and ride in pleasant places. While words are inadequate to express what 
we so fully feel, we trust that the consciousness of having so completely contrib- 
uted to the success of a Society of which we are proud to call them members, of 
having conducted a series of excursions and entertainments which have left noth- 
ing to be regretted, except that they are over, must, as we feel, be their highest 
reward; but to this all members and guests desire to add their heartfelt thanks, 
and to join in the wish of Tiny Tim, when he said, “ God bless us all!” 


These resolutions were passed with acclamations and cordial 
enthusiasm, the recognition to the local committee being only to 
be satisfied by a rising vote. fant. 
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BY W. A. GABRIEL, ELGIN, ILL. 


(Member of the Society.) 


THE T-square shown herewith by the accompanying diagrams 
was devised by the writer several years ago, and has been in og 
constant use since; and thinking it might be of use or interest =» 
to others, it is made the subject of this paper. 

The T-square is mounted on a steel guide-bar, and the bar 
upon adjustable brackets, fastened to the under side of the table = 
which holds the drawing-boards. The drawing-boards are fast- 
ened to the table by clamps, about six inches from each corner 
of the board, as clearly shown at Figs. 192 and 193. The guide- — 
bar can be easily adjusted in height to suit the variousthickness __ 
of the drawing-boards, by means of screws at the lower ends of 
the brackets (see Figs. 186 and 195), and the bracket at the front, 
or working side, of the table is provided with an adjustment, _ ; 
shown at Fig. 188, so that the guide-bar can be moved sideways _ i te 
at that point, the bar swivelling at the other or back bracket. 
This arrangement allows the T-square blade to be set at the 
zero point, in case of any distortion of the table or board, or 
when the draughtsman wishes to change boards on which may 
be mounted different views of the same machine. 

The T-square head, a plan of which is shown at Fig. 184, is 
made of cast iron, and carries on its underside small steel rolls, = 
that are hardened and ground up true, and which allow it to ag “ae 
move freely on the guide-bar. The rolls running on the top of — 
the bar carry the weight, while the others guide the head side- 
ways. The use of three rolls in the manner shown allows the _ 
overhanging weight of the head to always keep it free from side- __ 
shake when any wear takes place. The head is kept in position, — 7 
when the top of the drawing-table is set at any desired angle, : 2 
by a counter-weight, shown in Figs. 187 and 195, and the janie err 


* Presented at the Detroit meeting (June, 1895) of the American Society of ee 
Mechanical Engineers, and forming part of Volume XVI. of the 7ransactions. ie 
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A T-SQ 
is made in sections, so that it can be varied to suit the different 
angles of the table. 

The blade or straight edge has upon it a rib or trough, in 
which can be conveniently placed the instruments, etc., in use 
by the draughtsman. This blade is secured to a gear segment, 
by means of six screws and a thin steel ring which has teeth 
formed upon its under side; these teeth are clearly shown by 
Figs. 185 and 190. The teeth are forced into the wood of the 
blade by the screws, and hold it firmly to the segment. The 
segment has let into its outer circumference a piece of steel on 
which teeth are cut. Steel was used, as it was found that the 
teeth could be cut in it more accurately than was possible in 
the cast iron. 

Each tooth equals one degree, and the worm engaged there- 
with is held in close contact by means of a spring shown in the 
section Fig. 185. The worm and its shaft are mounted in a 
frame, pivoted in such a manner that it is possible to move it 
out of gear with the segment, and this allows the blade to be 
moved quickly to the desired angle; and if minutes of a degree 
are wanted, it is only necessary to revolve the worm and read 
from the index formed upon a small hand-wheel on its shaft. 
A clamping screw is provided to secure the worm against acci- 
dental movement. 

Figs. 195 and 196 show the T-square and guide-bar attached 
to the table, and the proper position of the counter-weight. 
Fig. 194 is a full-length detail of the blade. 

It may be claimed that this is too elaborate a device for ordi- 
nary use, but, in the opinion of the writer, a T-square of this 
description will be found to pay well in any draughting-room 
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BY W. H. FRANCIS, PHILADELPHIA, PA. 5 J 


(Member of the Society.) 


In military science it is an axiom to defeat and destroy an 
army in detail; this is equally applicable to fighting contagious 
disease, and is attracting marked attention from sanitarians. It 
is not the province of the mechanic to discuss or pass upon 
the microbe theory, calling for disinfecting machines, but to 
apply practically, for everyday use, the facts which bacteri- 
ologists and doctors have proved to be true. 

At the December meeting of 1893 was presented a paper on 
“A Modern Disinfecting Plant,” + as applied to quarantine 
stations, to prevent contagion reaching our shores. Supple-— 
mental to this article a brief description is now offered of a 
Portable Disinfecting Plant for destroying epidemic disease in 
detail, upon its first appearance in our cities. These machines — 
are the outgrowth of a study of the late epidemic of yellow fever 
at Brunswick, Georgia, and the indifferent means the doctors — 
had to improvise to aid them in the fight, although, it is true, 
these were the best that couid be obtained at the time in a city 
cut off by strict quarantine. For instance, a box car on one of | 
the railroads was hastily transformed into a steam chamber, 
steam being provided by the locomotive, and infected articles 
carried long distances to and from the car. Itis greatly tothe _ 
doctors’ credit that with such means they were able to check th 
ravages of the fever. 

The portable plant comprises two machines: 

First, the steam disinfector, consisting (as seen by Fig. 197) of _ 
a jacketed chamber, car, boiler, and vacuum pump, mounted upon 
a suitable running-gear. Its operation is as follows : 7 


* Presented at the Detroit meeting (June, 1895) of the American Society of a - : ; 
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5 ‘The steam generated in the boiler at high pressure is reduced 
by proper valve, circulating in the jacket at low pressure during 

the entire operation. The infected clothes are placed upon 
screens, or hung on hooks in the car, which is supported by 


- 


Fia. 197. 


car then being pushed into chamber, and the door, swinging on 
crane, closed and bolted, made steam-tight by a rubber gasket. 
A thermometer records the temperature, and when the clothes 
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_ have reached that of the low-pressure steam, the vacuum pump 
is started, removing the air (the object of which is twofold, to 
prevent possibility of life to the microbe, and to give steam 
greater penetrating effect), after which the steam is admitted 
to the chamber from the jacket, insuring circulation. The 
incoming steam strikes upon a three-leaf hood, to prevent being 
_ forced directly upon the clothes, and any condensation is carried 
down the sides of the chamber, preventing wetting and consequent 
shrinkage of woollens. The exposure is continued for varying 
time, according to the character of the infected articles, after 
which the steam in the chamber is discharged through a valve, 
_ the door opened, and the car withdrawn. 
The car is arranged with removable trays and is open-sided, 
_ so as to hold either single or double mattresses, wooden guards 
of cypress being introduced to prevent them from projecting 
beyond the sides of the car. 
Second, the sulphur fumigator, consisting of a furnace, boiler, 
- engine, and fan, mounted on wheels, as seen in Fig. 198. The 
sulphur furnace is double, with a fire-box at one end, the sulphur 
being held in a cast-iron pan under slow combustion, to produce 
the dioxide ; and to continue the operation without opening the 
doors and causing rapid combustion, a double-winged stoker is 
provided by which additional roll sulphur can be introduced to 
_ the pan. The fumes travel through the double furnace to a 
- reservoir on top, provided with baffle plates, and are then 
sucked by exhaust fan (driven direct by a rapid-speed engine), 
thence through hose into the building being fumigated, the 
quantity being regulated by a sliding gate valve. Both these 
machines embody the same principles described in previous 
paper, and are intended, in case of infection appearing in a 
certain quarter, to be driven to the infected house, and after the 
patient’s removal, all bedding, clothing, etc., be disinfected in 
the steam disinfector, after which the house itself be thoroughly 
disinfected by the sulphur fumigator. 
These machines were designed for the United States Marine 
Hospital Service, Dr. Walter Wyman, Supervising Surgeon- 
General, in association with Dr. J. J. Kinyoun, one of the able 
bacteriologists in the bureau. 
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DESCRIPTION OF NEW FORM OF STERILIZER. — 


: 


BY A. M. GOODALE, BOSTON, MASS. ee 


Ir seems desirable, before explaining the sien iin 
apparatus shown herewith, to give a brief description of the 
routine methods employed in the operating theatre of a modern 
hospital. 

Cleanliness, viewed from the standpoint of a mechanical en- 
gineer, and cleanliness as practised in the surgery of to-day, are 
two entirely different things. The latter is complex, and requires 
the aid of various instruments and processes, all to the end that 
the ever-present germ, or bacillus, or micro-organism, may be 
destroyed. The germ theory, briefly stated, is that fermentation 
is due to the access to the fermentible substances of particles 
from the outer world. The particles or micro-organisms are 
easily destroyed by steam heat at proper temperature, and by 
chemical agencies. To prevent fermentation or putrefaction in 
the discharges of wounds has been found possible, and has led 
to fruitful results. 

The surgery which acts against the causes of fermentation, or 
sepsis, is called antiseptic surgery, and is carried out in various 
ways. The antiseptic principle is applied: 

1. In the preparation of the patient for the operation. This 
requires, when possible, several days, and need not be described, 
except to state that absolute cleanliness is attained at the cost of 
much labor and care. 

2. In the preparation of the operating-room the walls are 
washed with corrosive sublimate, as also the table and other 
appurtenances. The instruments must be sterilized, as also 
the dressings. 

8. In the preparation of the operator, assistants, and nurses 
for their various duties, the hands and arms are thoroughly — 
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scrubbed in soap and water, then rinsed in boiled water, dion 
washed in permanganate of potash or oxalic acid, again rinsed 
in boiled water, then washed in corrosive sublimate, and a final 

rinsing in boiled water. 

The operator, assistants, and nurses wear uniforms which cover 
the outer clothing, and these, together with the dressings, must 
be sterilized. For this latter purpose the apparatus herein 


J 


. Beale of Inches 
described was Secisinalt by the writer, at the request of one of 


the large hospitals, the purpose being to provide a compara- 
tively inexpensive apparatus of sufficient size to sterilize all 
dressings and materials needed for daily use in the operating 
theatre and accident wards. The success attained in its use 
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As will be seen by reference to the accompanying drawings 
(Fig. 199), the shell is cylindrical, 36 by 24 inches inside measure- 
ment, made of }-inch boiler plate, containing 200 feet of }-inch 


_ steam pipe, so arranged as to surround a space in the shell 36 by 


a by 16 inches (54 cubic feet), in which are placed trays of wire 


netting for the material to be heated. On the front end of the 
shell a cast-iron ring or flange is riveted, in which is a groove 
for holding a packing-ring. The door is firmly held against the 


_ packing-ring by six eyebolts, j of an inch each (Fig. 200). The door 
is ? of an inch thick in the centre, with rim thickened to { of an 


inch. There is a steam gauge, a thermometer which should 


_ register to 300 degrees, a pet-cock on top of shell, and a vacuum 


valve on the rear end of the shell. Connection with the boiler 


_ plant of the hospital is made in two ways: first, to the steam- 


heating coils, the drip for these going to a trap, thence to the 
sewer ; secondly, connection is made so that live steam is ad- 


mitted in the centre at the bottom of the shell. A drip from the 


shell is also trapped. The operation is as follows: Dressings or 
surgeons’ uniforms are placed in the trays, the entire tray space 
being filled. Steam is admitted to the circulating coil, the tem- 
perature in the sterilizer rising to about 170 degrees. Then live 
steam is admitted to the interior of the shell, coming in direct 
contact with the materials to be treated. A temperature of 260 
degrees is desirable, and the pressure of steam may be 25 or 30 
pounds. Exposure to live steam for twenty minutes is sufficient, 


= _ and it is then turned off, the drip from the shell opened, the 


© 


pressure rapidly falling to 0. The steam in the circulating coils 
dries out the dressings, so that, as soon as the steam pressure is 
zero, the door can be opened, the materials taken out, and put in 
air-tight cases for instant use. This sterilizer is sufficient for 


_ the needs of one of the large hospitals in Boston, and can be 


built for about one-third the cost of anything made for the pur- 
pose heretofore. 

Most severe tests have been applied to the apparatus, and 
the results show the exact amount of time and degree of heat 
necessary to kill the most deadly bacilli. The convenience and 
economy of its operation are made possible by the operation of 
diying coils in the same chamber in which the actual work of 
Mid, 
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PAINTS: OF WHAT COMPOSED, HOW DESTROYED, wae 
CATION AS TRUE PIGMENTS AND INERT SUBSTANCES, 
ADULTERANTS, ETC. 


(Member of the Society.) 


Waar is paint? This question can be answered in a broad 
way by saying: It is any liquid or semi-liquid substance applied 
to any metallic, wooden, or other surface to protect it from 
corrosion or decay, or to give color or gloss, or all of these 
qualities, to it. 

A better definition would probably be, that paint is a com- 
pound of a pigment and a liquid, usually applied to any surface 
with a brush, for the purpose of protection, or to secure artistic 
effects ; which liquid, after undergoing certain changes, in part 
mechanical, or chemical, or both, has the power of holding the 
pigment to the coated surface. It is evident that the latter 
definition would also include those compounds which are ap- 

plied to many surfaces either hot or cold as a bath, or by 
- immersion rather than by a brush, solely as a matter of con- 
venience or rapidity ; and particularly so when metallic members 
of large size, or with intricate and hidden parts, are to be 
protected. In the latter case the term coating would probably 

be the better definition. 

The essentials of a good paint, for whatever use intended, are : 

First.—That it shall adhere firmly to the surface over which 
it is spread, and not chip or peel off. It must be non-corrosive 
to the material it is used to protect, as well as to itself under 
long periods of atmospheric exposure and chemical changes. 
It must form a surface hard enough to resist frictional influences, 
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yet elastic enough to conform to all changes of temperature, or 
with a coefficient of elasticity approximately as near the material 
it covers as possible. It must be impervious to and unaffected 
by moisture and atmospheric and other influences to which the 
structure may be exposed. 

Second.—That it shall work properly during its application, a 
property which depends largely upon the relative amounts of 
pigment and liquid; the natures of both pigment and liquid 
also have influences that govern results. 

Third.—That it shall dry with sufficient rapidity. This func- 
tion depends mostly upon the vehicle or liquid used with the 
pigment, though the pigment has in many cnees ‘en influence, 
as will be seen further on. 

Fourth.—That it shall have proper durability, which is a func- 
tion both of the pigment and liquid. And as the question of cost 
is in many cases the governing factor in the selection of a paint, 
the question of durability may be regarded as the most important 
one of the list; though it can be imagined that a paint can be 
durable per se, and not be protective in the strict sense of the — 
word, as can be illustrated in the case of a good paint applied 
to the surface of a sheet of iron coated with rust: the liquid 
element in the paint will not absorb or neutralize the corrosion 
which it covers, but will dry regardless of it, and permit the de- 
struction of the metal to progress beneath its coat. 

Fifth. Covering power, by which is meant the power of a 
pigment so to cover the surface to which it may be applied that 
its protection from decay is not only assured, but that the min- 
imum amount of paint shall effect this purpose. 

Master painters and color manufacturers vary greatly in their 
definitions of the covering power of paints, and are inclined to 
classify it into “coach painting and house painting,” with a 
distinction whether it is internal and decorative, or external, 
both protective and decorative. 

The covering power is also used to express the power of a 
pigment to protect the oil from decay, in which case a large 
amount of pigment and a small amount of oil are used ; this de- 
scription of paint drying more or less “flat,” the pigment being 
exposed to the weather and held in place by the thin film of oil. 
It is thought by many master painters that this is the most du- 
rable and best paint for general use. On the contrary, paints 
which dry with a gloss have a large amount of oil and a small 
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» — of pigment, in which case the oil covers and protects the 
pigment. 

It may be used to express the amount of color upon the sur- 
face ; as, generally, if a surface has plenty of color upon it the 
covering power is said to be good. To illustrate this definition : 


. e If an iron oxide paint is proportioned so that the ratio between 


the pigment and the oil is by weight 50 per cent. of pigment 
and 50 per cent. of oil when the paint is ready for spreading, 
and the pigment consists of 30 to 40 per cent. of iron oxide, the 
covering power will be said to be good ; but if the same propor- 
tions of 50 per cent. ratio between the pigment and the oil be 
had, in which the iron oxide is only 5 per cent. of the pigment, 
the covering power would be called poor ; and so it would be in 
the case where 10 per cent. of pigment and 90 per cent. of oil 
were used. If in the two latter cases the oil contained large or 
_ liberal amounts of volatile diluents, the appearance of the sur- 
face would indicate a deficiency in the covering power of the 
paint. 

The covering power is also commonly expressed in the amount 


of surface which a given weight of paint will cover. A good iron 


oxide paint will cover nearly twice as much surface as white 
lead or red lead. The specific gravity of the paint also is to be 
considered in the definition of this power. The lightest paints 
have the most covering power. White lead is about 6.4 times 
as heavy as water; iron oxide 5 times; yellow ochre 3% to 4 
times, etc., etc. With this variation it is manifestly almost an 
impossibility to get the same number of particles of the same 
size out of the same weight of different materials. 

The refracting power of light has much to do with an under- 
standing of this covering power of paint. The greater the re- 
fracting power of the pigment is over that of the oil, the better 
will be the covering power. The index of refraction of air is 1 
degree ; water, 1.34; linseed oil, 1.48 ; glass, 1.50 to 1.55 ; silica, 
1.55 ; feldspar, 1.54; whiting, 1.65 ; chrome-yellow, 3.00; vermil- 
ion, 3.20, etc. There is no exception to the rule that the finer 
the state of division to which any pigment is reduced, the better 
will be its covering power. Sulphate of lime, barytes, feldspar, 
silica, tale, whiting, etc., are all of low refractive power, and of 
themselves, independent of this refractive quality, do not con- 
stitute good pigments; though when mixed with the metallic 
pigments and ground together in the oil the result is a pigment 
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of good covering power, almost as good as the better one of the 


_ combination. For instance, 80 per cent. of sulphate of lime and 


20 per cent. of zinc white form a pigment almost as good as all 
zinc white, and 10 per cent. of white lead and 90 per cent. of talc 
_ earefully ground give a very satisfactory result so far as relates 
to the covering power; but all of the above and other kindred 
compositions, while improving the covering power, are possibly 
to be classed as adulterants, the use of which may be objection- 
able so far as durability and protective power are concerned, 
when the question of cost is not considered in connection there- 
with. 

As stated before, the finer the pigment is subdivided or 
ground, whether as a paste which is afterward thinned with oil 
or volatiles to a consistency to spread with a brush, or is ground 
in the oil direct (a process that all pigments will not endure 
without injury to their color—the scarlet lead chromate, for 
instance) to the proper consistency to spread, the better will 
be its covering power. 

An ounce of lamp-black, because of the minuteness of its par- 
ticles, will cover more surface in an effectively protective man- 
ner than any known pigment, and one part lamp-black and nine 
parts sulphate of lime by weight give most excellent results in 
covering power. Prussian blue, the scarlets, lakes, and others 
of what can be called “ the fugitive colors,” on account of their 
tendency to fade out, possess the light-dispersing power which 
deceives the eye as to their covering faculty, when in reality for 
actual covering as protective substances they are absolutely 
worthless. These colors should be denominated stains rather 
than paints; and generally the only measure of protection from 


decay or corrosion which accompanies their use is solely from 


the oil or liquid with which the color is mixed. 

The designing of a paint, for whatever purpose to be used, 
necessarily includes the qualities already mentioned, viz. : adhe- 
sion and elasticity, working qualities, drying qualities, dura- 
bility, covering power. The other quality, the cost, cannot be 
ignored, and will be duly considered later, as well as what pig- 
ments to use for the intended purpose. All pigments do not 
contain all of the above qualities. The question naturally 
arises: Is it necessary for a pigment to be pure and unmixed 
with inert substances, or can a certain amount of these be mixed 


with the pigment without detriment to it? 
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Experiments of long duration lead to the conclusion that 
the oxides of iron, lead, manganese, and other strong pigments, 
can be mixed with large amounts of these inert substances with- 
out detriment, and generally to the manifest improvement of 
the paint as a protective agent on many structures, notably 
wooden or composite ones. A single illustration will suffice to 
make this apparent. Oxide of iron is one of the strongest of 
pigments in covering power. If one ounce of this pigment be 


spread in two coats over a given surface, say two square feet, 


so that the surface be completely hidden, and the job be declared 
a satisfactory one so far as covering power is concerned, and in 
the second case an ounce of the same oxide of iron be mixed 
with three ounces of barytes, kaolin, gypsum, etc., or any one of 
them, and this paint be spread over two square feet of surface 
as before, it is obvious that the amount of color per unit of sur- 
face will be the same in both cases; but in one case there is four 


times as much pigment as in the other, and in the second case 


three-fourths of the paint would be inert material. For railway 


ears and wooden structures the durability of these paints would 


7 


be in favor of the second case, as well as the cost of the paint. 


The pigment in this case is the life of the paint, and protects 
the oil from the decay incident to oxidation from the atmos- 
pheric exposure. 

Oxide of iron is practically unchanged after centuries of ex- 
posure. It induces and promotes oxidation in all organic sub- 
stances with which it is brought into contact, as well as in nearly 
all metallic bodies. In an oxide of iron paint it is the oil which 
decomposes (being the organic matter), the decomposition due 
to the exposure. of the elements being aided by the oxidizing 
power of the oxide of iron pigment mixed with the oil. This 
statement holds true only where there has been no chemical 
change or combination between the pigment and the liquid. 

Whiting, sulphate of lime, barytes, kaolin, silica, feldspar, and 
talc are the principal inert substances used in pigments. Whit- 
ing, gypsum, and barytes are the best of the list; the others, 
grinding greasy, or hard to grind, or of a nature readily de- 
composed by water, are objectionable. Barytes, from its great 
weight, is objectionable only when bought by the pound in a 
dry state, or as a paste or prepared paint in which as an adul- 
terant it takes the place of pure material. The sulphate of lime 
is no doubt the best of the inert substances to mix with any 
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pigment, all things considered. It should be thoroughly hy- 
_ drated. As high as 45 per cent. by weight of this substance can 
be mixed with 50 per cent. of sesquioxide of iron for a pig- 
ment. As most of the oxide of iron paints are made by ignition 
of copperas, and a small amount of sulphuric acid is sometimes 


- left in the oxide which the heat has failed to drive off, from 2 to 5 


per cent. of carbonate of lime is added to neutralize the free 
acid, changing it to sulphate of lime. In this case of propor- 
tions, the pigment really consists of 50 per cent. of oxide of 
iron and 50 per cent. of inert material, all by weight. Any 
oxide of iron paint which contains hydrated oxide or free SO, 
will deteriorate rapidly by oxidizing the liquids, while any free 
SO, will retard the drying of the paint. 

A good paint prepared for spreading in ordinary temperatures 
upon wooden or composite structures has the ratio by volume 
of about one-third pigment and two-thirds oil or liquid. The 
practice upon one of the leading railways of the United States, 
where the materials purchased for paints amount to over 
$300,000 yearly, is to allow 75 per cent. of pigment and 25 per 


cent. of oil by weight for the paints applied to cars and wooden © : 


structures. 

Experiments determine that the most durable paints are those 
which contain a large amount of pigment per unit of surface ; 
and that pigment is the best which is strong enough of itself, 
or with a proper proportion of inert material, to allow liquid 
enough to be added to it to flow and work well with the brush 
when applied. 

The destruction of paint may be from eight causes: First, 
mechanical injury; second, the action of deleterious gases; 
third, chemical action between the pigment and the vehicle or 
liquid ; fourth, chemical action between the body covered and 
the paint, either the pigment or the liquid; /i/th, the action of 
light ; siath, peeling ; seventh, destruction by cleaning ; eighth, 
water. 

Many master painters and manufacturers claim that the de- 
struction caused by cleaning and the action of water are the 
worst of the above causes. This is true so far as paint applied 
to wooden structures is concerned, and has no relation to the 
causes which effect the destruction of paint applied to iron or 


steel structures. As most of the above destructive agents are a ; 


common to all structures (wooden, metallic, or composite) which 
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— in a greater or less degree for their preservation from de- 
cay or corrosion, upon paint (under which name I class all paint 
oils, varnishes, japans, surfacers, and mixed paints), it may not 
be amiss to discuss briefly each of these causes in detail before 
citing the destructive agencies which relate solely to the corro- 
sion of metallic structures, the prevention of which will require 
the consideration of other preservative methods than paints, or 
which may be used in connection with paint to secure the best 


protective results. 


First.—Mechanical injury in a certain sense, as applied to 
wooden structures, is not a serious cause of deterioration of paint. 
Near the sea-shore the sand has the effect of a sand-blast to 
cut away the paint rapidly, and in this case the more elastic the 
paint is, the less will be the mechanical injury. This sand-blast 
action is quite as effective in the case of iron structures, and as 
generally they are of a more important character than the wooden 
cottages or residences, and minor buildings on the sea-coast, its 
action must be guarded against. If the paint coating is of a soft, 
spongy nature it will resist the sand-blast, but will absorb 
moisture from the air, and hasten either the oxidation of the 
paint or the metallic surface which it covers. Verily, as between 
the devil (the sand-blast) and the deep sea (the sea-air), it is hard 
for the engineer to choose into whose hands he would rather fall. 

A further injury to metallic structures can be classed under 
the head of mechanical, viz.: that arising from the expansion 
and contraction of the various parts from the atmospheric 
changes which are constantly going on, changes ranging from 
40 degrees F. to 150 degrees F. not being unusual. Now, it 
may be considered an impossibility to proportion a paint-com- 
pound so that its coefficient of elasticity will be the same at 
all temperatures as that of the metal it covers. It may be 
possible to do this at some temperature at or between 60 degrees 
and 90 degrees F., or even between + 40 degrees F. and 90 
degrees F.; but that any paint in the class of commercial 
colors will do this at all temperatures is the tale of the sales- 
man, not of the engineer. It may be argued that, these changes 
coming from the external surfaces of the paint and being trans- 
mitted through its coating, it will be the first to adjust itself 
to the new or varying relation between the metal and the paint, 
and so will work to the advantage of the paint in making the 
change, this being in ordinary cases a anueb one. If the oo 
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is of an elastic, close-clinging material, and not a hard, Wileseies 
one, the claim will hold good. 

The compounds which most closely partake of this nature, will 
be spoken of hereafter. An addition to this problem will be 
had when the strains due to the action of wind, the passage of 
railway trains, and those due to changes of a sudden and vibratory 
character, together with the action of snow, hail, and water driven 
at high velocities, are added to the temperature changes. Over 
these combinations a little coat of paint is required to stand 
perpetual sentinel. These latter mentioned strains necessarily 
come to the metal first, and whatever changes occur in section 
of the bars or elongation of them by the strain, the paint must 
accompany them. As these strains are generally of a vibratory 
or percussive character, it can easily be seen why they should 
be classed in the list of mechanical injuries. In fact, they are a 
succession of blows which the structure must withstand, absorb, 
and extinguish within itself or its connections; the structure 
then returning to its normal condition, the paint or other pro- 
tective covering must accompany it, instead of loitering by the 
way and being grounded or “ left” in the chain of operations. | 

Second.—The action of deleterious gases is very familiar to 
those who have studied paints and protective compounds. Sul- 
phuretted hydrogen is one of the most common and active of 
these gases, and is formed in excessive amounts wherever coal 
is distilled, as for illuminating gas. Sulphurous acid fumes 
also, being disengaged in the combustion of coal in the many 
arts, transportation, and manufacturing processes of the day; 
gases engendered in workshops, being of a compound character 
carrying ammonia, carbonic acid, nitric acid, and other fumes, 
are active agents of corrosion to metallic bodies, as well as the 
paint compounds that cover them. White lead is the pigment 
most affected by these fumes, the action of the sulphur chang- 
ing the carbonate of lead to a sulphide of lead; rains or any 
condensed moisture then washing it away and leaving the 
surface coated with it exposed to the elements of decay. 

Third.—Chemical action between the pigment and the vehicle 
or liquid. This is an exceedingly important field of inquiry, and 
largely an unknown one. The siccative and other oils which 
are in common use for paints are all capable of saponification. 
It is well known that soda and potash are not the only sub- 
stances which combine with fats to produce soap, and that 
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almost any of the bases can be combined with the fat acid of 
nearly all oils to make soap; hence we have iron soap, lead 
soap, zinc soap, manganese soap, etc. Many pigments are 
simply oxides or hydrates, in the same way that soda and pot- 
ash are, and it is strongly suspected that they combine with 
the oil to form soaps; in which case it will be evident that, after 
the paint has been left on the surface for a number of years, 
instead of a pigment held to the surface by the liquid and which 
has undergone certain changes called “drying,” it is in reality 
a new chemical body consisting of the constituents of the 
liquid combined with the pigment, or, in other words, it may be 
a soap. 

Fourth.— Chemical action between the body covered and the 
paint, either the pigment or the vehicle. The chemical changes 
which may or do take place between the pigment and the liquid, 
as set forth in Article III., can be supplemented here to embrace 
those paints which contain pigments, one or more of which give 
up oxygen or break down in the presence of organic matter, the oil 
or liquid of the paint. Hydrated oxide of iron (iron rust) oxidizes 
organic matter (the oil) and gradually destroys it. Oxide of iron 


paints of all kinds gradually grow darker with age from the 


oxidation of the oil, this oxidation progressing until either the 
_ paint cracks and falls off as a scale on any mechanical disturb- 
ance, or is washed away in the process of cleaning or by the ac- 
tion of storms. The chromate of lead, bichromate of potash, 
the chlorates, manganese dioxide, red lead, and a number of 
other pigments also possess this oxidizing power to a great de- 
gree, but are also possessed of another chemical property which, 
when these substances are used as pigments and applied to iron 
and steel surfaces, renders them almost proof against the effects 
of corrosion. 

This property is the power to form on iron and steel surfaces 
a thin coating of black or magnetic oxide, which so effectually 
protects the metallic surfaces from corrosion that after the 
removal of the paint the metal still resists atmospheric effects 
for a long time, as well as the stronger effect of immersion in sea- 
water or acidulated waters, sulphurous and other vapors. This 
action is very obscure and not thoroughly understood ; but the 
fact remains, and extended experiments in this field only demon- 
strate its presence and usefulness. Practically it is the same coat- 
ing that the Rower-Bark, Bertrand, Maritens, Gesner, and other 
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kindred processes develop when iron and steel objects are placed 
in a closed vessel or muffle and exposed for a few hours to a low 
red heat (1,000 to 1,200 degrees F.) with the action of super- 
heated steam, naphtha, or other hydrocarbon vapors, forming, 
at the expense of the metal itself, an oxide of varying thickness, 
_ according to the period of exposure, which is non-corrosive, and, 
what is further an anomaly, a coating which is electro-negative to 
the iron surface it covers, but is also electro-negative or passive 
to the paint which covers it when the pigments composing this 
paint are composed of one or other of the above-mentioned oxi- 
dizing materials other than the oxides of iron, zine, tin, or lead. 
This magnetic oxide power in paint as applied to wooden struct- 
ures is still less understood than its action upon metallic sur- 
faces, and may not be of the same importance, as the artistic 
effect of a fresh coat of paint upon a weather-beaten wooden 
or brick structure may appeal more forcibly to the eye than 
any other factor to cause a fresh application of the paint cover- 
ing. 

Fifth.— The action of light. The action of light as a bleaching 
element is well known in almost all fields of human industry ; 
but the chemical changes which occur between the pigment and 
the liquid are not well understood, this action being furthermore 
complicated by the different temperatures to which the coated 
surface may be exposed, and. aided by the effects of sea-air or 
fumes from various manufactories. We know that certain pig- 
ments fade upon exposure, whether applied to metallic or other 
structures. The pigments which contain organic coloring matter 
from coal tars, dye-woods, etc., fade more rapidly than those 
which have a metallic base ; but it has never been established 
that the bleaching of the paint in all cases detracts from its dura- 
bility. 

Siath— Peeling. Paints vary greatly in their power to adhere 
to either metallic, wooden, or other surfaces ; notably zinc white, 
which peels under almost any condition or from any surface to 
which it may be applied. There is no other pigment which pos- 
sesses this property in so marked a degree, and it is difficult to 
assign any reason why it should peel so badly. A possible 
cause is that the zinc white combines with the oil used in the 
paint and forms one of the compounds known as metallic soap, 
this particular one being zinc soap, a hard, brittle, non-adhesive 
substance, easily removed by mechanical injury, water, and in 
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the process of cleaning, etc. Galvanized iron possesses the 

property of causing almost any paint applied to its surface to 

peel; in fact, it is one of the worst substances to cover with a 

pigment in a satisfactory manner. Experiments made by a 

leading railway company in the United States, in which a number 

of the best pigments in use by that company for all descriptions 

of railway work were tried upon galvanized-iron car roofs and 

other galvanized work, cornices, etc., showed at the end of three 

years that but one of the list was in any manner satisfactory,and — 

this one was a patented compound whose component parts have — 

not been ascertained. Ordinary trade colors are of the most un- 

reliable nature when applied to galvanized iron exposed to the | 

trying conditions of railway service. Various reasons have been 

given for this peculiar action of paint upon galvanized iron. One 

of the most plausible is that the use of sal-ammoniac in the 

process of galvanizing causes the formation of a thin film of the 

basic chloride of zinc on the surface of the metal being galvan- 

ized, which material, being of a hygroscopic nature, acts as a — 

repellent to prevent the close adherence of the paint tothe — 

metal, and the pigment dries as skin over it. Sheet zinc which __ 

has not been through the galvanizing tank does not holdsome —> 

kinds of paint. Sheet lead also is difficult to cover, and paints 

which take tin and lead will not always adhere to zinc. Asa gen- 

eral rule, the strong oxide paints take these metals better than 

talc, ochre, and the earthy pigments. No positive general state- 

ment can be given, and the problem of the adaptability of paint __ 

to a metal to prevent peeling still needs study. A paint forthe 

prevention of corrosion in metals should embrace those quali- a —— 

ties which will cover both of the above requirements, andthe 

solution to that problem I hope to be able to give. 
Another fruitful cause of the peeling of paint is when the © 

several coats are successively applied before the foundation or _ 

preceding coat has thoroughly dried, the result being that the __ 

liquid in the outer or last applied coats softens the pigment in 

those previously applied. The resulting mass, containing a 

notable amount of the more volatile elements of the liquid, be- 

ginning to dry from the outside surface, forms a thin but hard 

or vitreous surface which retards the further evaporation of the 

volatiles and prevents the access of oxygen from the air, which 

is necessary in the process of drying. If thesurface thuscovered _ 

has been painted while at a low temperature or duringadamp —S 
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or foggy atmospheric condition, and soon after there is a marked 
rise in the temperature or a fall in the hygroscopic condition of 
_ the atmosphere, then the paint is liable to peel at once, or soon 
after the change. This effect is hastened in the case where the 
coating is a heavy one, or one hard to spread by reason of the 
earthy or inert substances in the pigment, or if benzine has 
; _ been used asadrier. Asa general rule, the more substances which 
enter into a coat of paint, either as pure pigments, inert sub- 
stances, or in the composition of the liquid, the more liable 
it is to peel. A small amount of fish or animal or non-drying 
vegetable oils, though oxidized by the addition of metallic 
salts and used in connection with linseed or other siccative 
oils, also hastens and provides for the certainty of the peel- 
ing. 
4 A pigment composed of a number of substances, the different 
materials of which by themselves would form the basis of a good 
_ paint, when combined together with the liquid necessarily must 
undergo a different chemical action than the several members 
of the pigment would have done had they been used alone. 
This chemical action is furthermore complicated by the combi- 
nations going on in the liquid, which, formed of a number of dif- 
ferent elements which act and react upon one another, and mixed 
_ with the heterogeneous pigment, develop a series of chemical 
actions in the mass, the weaker element of which, either the 
mineral or the organic, is the first to break down or change, the 
_ decay of which hastens the decomposition of the others and re- 
leases the bond between the paint and the surface over which it 
is spread, and the peeling process is effected. ' 

That these chemical changes exist in the above stated case 
cannot be denied, but have not been well accounted for. The 

fact remains, however, that certain paints peel, and though analy- 

sis of the peeled portion may reveal nothing to indicate the rea- 

_ gon for the peeling, it is seldom possible to get a sample of the 

original paint as applied, to compare its constituents with the 

peeled sample, and the cause is relegated to the hidden drawer 

of the paint-shop, near which some scapegoat can be found to 
bear the burden of failure. 

Seventh.—Destruction by cleaning. This cause of the deteriora- 
tion and destruction of paint relates more particularly to wooden 
structures, railway cars, and kindred objects, than to those of a 
metallic character. It may be sufficient to say we do not wash 
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down an iron bridge, roof truss, or steamship, with a view to its 
presenting a clean face for the not too frequent inspection. Al- 
most all the binding materials of dried paints and varnishes are 
more or less acted upon by caustic and carbonated alkalies, and 
but little of the soap in the market is free from these substances. 
The detergents sold for cleaning are all mixtures of sal-soda 
_ with lime, pumice, and other inert materials, and the more effec- 
tive they are for removing dirt, the better they are for the de- 
struction of the paint. If, in the economy of domestic house- 
hold matters, two removals are equal to one fire, then it may be 
- cited with equal force that two good scrubbings with any wash- 
ing compound, and most of the soaps of commerce, applied with 
a stiff brush and by a willing servant, will be equal to the next 
painter’s bill to restore matters to their pristine state. Aside 
from the element of cost, it is no doubt the better practice, so 
far as the ultimate preservation of any metallic structure is con- 
cerned, that it should be washed clean with some of the deter- 
gent compounds of the day to remove the dirt, then sponged with 
a liberal amount of clean water, then be allowed to dry thor- 
_ oughly before the new paint is applied; but I must confess, as 
an engineer, that the above method of painting is a rare occur- 
rence, and that the rule is for the paint to be put on regardless 
of cleaning the old coat, and, like Charity, trust it to cover the 
sins beneath. 

Highth.— Water. The destructive action of water upon paint 
applied to any structure, wooden, metallic, brick, or composite, 
upon their internal as well as their external surfaces, is very 
strong, and will rank next in destructive qualities to the deter- 
gent soap and scrubbing-brush. Inside painting lasts longer 
than outside, principally because it is less exposed to the action 
of water. Direct experiments show that dried linseed and other 
siccative oils, when applied to a surface alone without pigment, 
are not resistant or water-repellent. When the oil is well dried, 
the application of water always causes the oil to assume a 
shrivelled appearance, showing that it has absorbed moisture 

- and expanded, and disintegration has commenced. If the ex- 
posure be long continued, the whole coating of dried oil will 
slump away from the surface over which it is spread. Rain 
water, from the sensible amount of ammonia that it carries, in- 
creases this destructive action on the dried oil; and the slow 
wasting away of good paints containing pigments best known to 
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resist aging influences, and which have been hardened by time, 
can be attributed to this action. 

The ordinary test by master painters of the ability of an oil 
or paint to resist moisture is to coat a surface, usually of glass, 
and, when well dried, to immerse it in water for a few hours, and — 
note the changes in color and integrity of the paint. 

Dr. Dudley’s experiments for the Pennsylvania Railroad, on 
the action of water upon paints, are interesting from the care 
which was exercised in making them and recording the results. 
Several samples of a paint designed for use upon cars and 
wooden structures were made with raw linseed oil and a very 
small amount of japan; the same liquid being used for all the 
samples with varying amounts of pigment, all the proportions 
being by weight. Two coats of these paints were spread upon 
glass, and allowed to harden for two to three weeks. These 
samples were then placed side by side, and a small portion of 
the surface of each covered with a globule of water. This glob- 
ule was covered to prevent evaporation, and then allowed to 


stand for twelve to fourteen hours. ff 


No. 1 was the linseed oil and japan alone. fs 


beet same liquid 90 parts, pigment 10 parts. ) 

30 

“Sort 50 

“cc 40 60 

When the proportions are higher than liquid 40 parts and 60 
of pigment the paint will not spread well witha brush if the 
liquid is linseed oil and the pigment has the specific gravity of 
ordinary oxide of iron paints. 

At the end of the period named, the behavior of the samples 
was as follows: No. 1 coating was found to have cleaved off from 
the glass and had become shriveiled wherever the water had 
touched it. Apparently the dried linseed oil had soaked up 
water, much as a sponge actsas an absorbent. On allowing the 
water to evaporate, the coating dried down again, but not uni- 
formly, and was apparently weakened in texture. ae 

No. 2 showed the same characteristics. 

No. 3 showed the same, but inaless degree. 

No. 4 did not cleave off from the glass, but showed where the 

water had stood. 
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No. 5 showed a spot in the same way, but in a less degree 
than No. 4. 
Nos. 6 and 7 showed but very little action. — 
It can be noted here that linseed oil dried for some two months 4 Bh: 
absorbs less water than freshly dried oil, while very old dried _ 
oil has lost this absorbent quality and has become almost water- => 
repellent. To successfully design a paint which will resist allof __ 
the previously named destructive agencies,and at the same time 
resist the destructive action of water (or moisture), is a difficult 
matter. The field is an enormous one to cover, and but little 
positive knowledge has yet been obtained, though the inves- __ 
tigators and experiments have been legion, and the literature __ 
on the subject embraces volumes. Time is an essential factor 
in the test of the qualities of a paint, and if the experimentor is 
required to wait five or ten years to determine the merits of any 
paint, or what effect a slight modification of the proportions has _ : 
upon any one or more of the eight destructive agencies hereto- __ 
fore stated, a life could be spent and possibly not a conclusion 
drawn. 
Experiments are numerous in the field of designinga water- _ 
proof coating to be applied over the pigment which has been = 
found to possess the most preservative qualities, independent — i. “a 
of the water-repellent features, but it can hardly be saidthat 
the goal has been reached at the present hour. Howeffectually 
a thin coating of the proper material can protect the surface of 
a paint which it covers, can be seen in the lettering of old sign- 
boards, which is perhaps an example of the most durable paint = = 
of which we have any record. Reference has been made to this = 
subject in a previous paper, No. 598, vol. xv., p. 1021, and need 
not be repeated here. This protective effect is explained by the 
well-known fact that lamp-black is one of the best water-repel- 
lents known ; that it is practically indestructible, and being per se _ 
of an oily or greasy nature, when mixed with a pure oil (linseed = 
in these cases), and being in a measure elastic, it has effectually _ 
preserved the surfaces, and not allowed the water to reach the __ 
underlying coats of white lead. 
If the question of color did not to a greater or less degree 
govern the kind of paint to apply to any important structure we 
could soon arrive at a solution of the question, how to preserve __ 
it. "Tis told of the fireman, when the question came up asto 
what color he wanted the fire-engine to be painted, that he 
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ee replied :\“I do not care so she is red.” And so with our iron 
structure: we can paint it with the best paint for preserving it 


c= _ and which will be pleasing to the eye, and then give it a coating 
of lamp-black to preserve the covering, attaching thereto the 
- familiar notice, “For particulars inquire within.” 
Having set forth the general character of what a paint should 
_ be for the purpose of protecting structures from decay or corro- 
sion, and having indicated the most effective causes which pro- 


4 _voke or promote the destruction of the object and its protector, 


it may not be amiss to speak more definitely upon those 


materials which enter into paint compounds which yield the best 


results in general practice ; these results being based upon the 


experience thus far at hand as recorded or accepted data, and 


not the hypothesis of some person or persons whose single or 
_ joint lives may be too short a period, as compared with the life 


; = of the structure they are striving to protect from decay, to 


realize the meritorious features of their experiment. 

_ Engineers as a class are not much less subject to whims than 
_ their less prominent brothers in craft, the master painters, color 
manufacturers, and others, whose trade secrets are too often 
of too small moment to produce the important results which 
are claimed for them. Many an important structure has failed 
from the inadequate means employed to preserve it. Had the 
original methods employed to protect it been made a matter 
_ of record in full detail as to the composition of the protective 
coating, as well as to how the structure was prepared to receive 
it, we should be further on the road of engineering experience, 
and be far better prepared to tell what to do in the practice 
of to-day in order to secure an abiding result in preservative 
methods. 

The several governments of the civilized world, by the magni- 
tude of their expenditures in the mechanical arts, in the form of 
ships, buildings, light-houses, docks, and the scores of other 
metallic structures, either manufactured by themselves or 
bought for their use to the amount of millions of dollars or 
pounds sterling annually, from the very nature of things ought 
to be the repository of the best methods of preventing their 
decay ; and the recorded data should be so full of detail as to the 
actual results obtained from certain experiments, the favorable 
nature of which has determined the practice of the several con- 
struction and repair departments connected with the govern- 
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ment service, that there should be little question of what not to 
do, even if the more momentous one of what to do is undeveloped 
and uncertain. In most of the navy yards, however, the few 
rules, or the information what to do in certain cases, is as zeal- 
ously guarded as a trade secret, obtained at the expense of the 
public for the apparent benefit of the knowledge-box of some- 
body connected with that particular navy yard, as any private 
manufacturer ever practised to keep his trade at home or intact 
from others’ meddling. 

The substances in use for coatings or paints for the preserva- 
tion of all structures, wooden and composite as well as metallic, 
from decay or corrosion, are: 

First.— Mineral or natural asphalt, artificial asphalt, and coal- 
tar compounds, either applied alone or in combination with 
each other, and with more or less certain inert substances in 
use as pigments—viz.: barytes, whiting, gypsum, kaolin, silica, 
talc, feldspar, and sundry ochres and substances with metallic 
bases, used to give body, cheapen the cost, change the color, or 
to correct some suspected or known deleterious constituent, 
such as ammonia, sulphuric acid, and other compounds which 
accident or design has placed in the vehicle or liquid, or which 
may be in the pigment naturally, or have been developed by the 
process of manufacture. The characteristics of these inert sub- 
stances when used as pigments will be referred to hereafter. 

Second.—Iron oxide paints. 

Third.—Zine and lead oxides and carbonates ; sublimed lead ; 
manganese dioxide ore. 

Fourth.— Carbon paints ; graphite, lamp-black. 

These will be considered in turn, and the principal character-— 
istics given so far as experience has determined their merits as 
protective compounds, or recorded and trustworthy data are at 
hand to draw conclusions from. 

he: 
hott 


of NATURAL AND ARTIFICIAL ASPHALT COATINGS. 


Many of the characteristics of both of these materials for pro- 
tective coatings for iron and steel structures have been given in 
a previous paper, No. 598, presented at the Montreal meeting 
(June, 1894), and forming part of vol. xv. of Transactions, pp. 
1016, 1020-1021, 1039-1040 ; also their adaptability for the pro- 
tection of marine work, both anti-corrosive and anti-fouling, given 
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in a second paper, No. 626, presented at the New York meeting 


(December, 1894), and forming part of vol. xvi. of the Transac- 
tions, p. 385. 


With proper care in their preparation, to eliminate the am- — 4 


monia and organic matter subject to decomposition and the 
formation of corrosive acids, and when applied hot to clean, dry 
surfaces, free from mill scale and warmed to any degree under 
that of boiling water, they are not only cheap in cost, but seldom 
need renewal, and form one of the best of protective coatings to 
resist not only corrosion but decay in all bodies, ferric or other, 
and prevent, in a great measure, the passage of moisture and 
the familiar sweating of objects at sudden changes of tempera- 
ture. Enamelled articles and the japan varnishes have as their 
base asphalt tempered with some admixture of linseed oil and 
varnish gums. Some are dried by baking in ovens, forming 
enamelled ware; others, applied with a brush, dry by evapora- 
tion of their solvents rather than by oxidation. 

Engineering News, February 7, 1895, p. 86, contains a lengthy 
and instructive abstract of a paper read at a meeting of the New 
England Railroad Club, January 9, 1895—“ Preservative Coat- 
ings for Iron Work,” prepared by A. H. Sabin, chemist for 
Edward Smith & Co., varnish makers, New York city. The 
article is too long to incorporate with this, but is worthy of 
reading, and a place on the file of any engineer interested in 
this subject. Briefly, a coatizg was prepared from California 
“ Maltha,” a petroleum by-product. 

The first section of fourteen miles of the Rochester City 
Water Works pipe was coated with this compound. The pipe, 
38 inches in diameter, of steel ;'; inch thick, was riveted up in 
sections 28 feet long and dipped into the “ maltha” compound, 
allowed to dry under atmospheric conditions, then taken to the 
trench and riveted up into a continuous line. The local damage was 
great in handling the pipe sections, riveting them up, and by the 
rivets, also by the uncovered pipe acting as footwalk both 
inside and outside for the workmen, until some 25 per cent. of 
the original coating was so much damaged that it required to be 
scraped off and removed, a number of thousand feet of the pipe 
on both the inside and outside surfaces being thus affected. 

This damage to the pipe-coating was repaired by painting it 
with the P. & B. (trade-mark) brand of paint, the principal ele- 
ment in the vehicle or liquid with which the pigments and 
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asphaltum are compounded being bisulphide of carbon (CS,). 
The application of this paint was attended by the most disas- 
trous results to the health of the painters. Those applying it 
upon the outside of the pipe, in the free circulation of air, were 
not permanently affected by the poisonous fumes of the volatile, 
but to the painters inside the confined limits of the pipe, where 


no circulation of the air was possible to dissipate the fumes, the | 


effect was disastrous. One died (evidently from suicide), two 
were made hopelessly insane, and a number of the others who 
barely escaped insanity were affected to a greater or less degree, 
and have never regained their health, and retain a silly expres- 
sion of countenance and weakened characters. 


The selection and enforced application of this paint, after its a 
effects upon the workmen had demonstrated its dangerous char- __ 


acter to life and health, was not only an engineering blunder 
of the first magnitude, but ought to be classed as an engineer- 
ing crime ; and the parties responsible for it—whether contract- 
ors, engineers, or city officials—should not only be mulcted in 
heavy monetary penalty, but be scourged by the voice and pen of 
public opinion until their future public or engineering ambitions 
and practice are forever set at rest. 

The second section of fourteen miles of the same sized pipe, 
for the Rochester City Water Works, was coated with an 
enamel compound, or special baked japan, differing from the 
ordinary baking japan, and composed of the purest obtainable 
asphaltum, the best refined linseed oil, mixed with kauri and 
other varnish gums, well compounded by experienced varnish 
makers, and the use of benzine, bisulphide of carbon, and other 
volatiles other than turpentine rigorously excluded. 


The 28-feet sections of the pipe were dipped in this prepared 3 ‘Ss AG 
japan, drained, and then placed vertically in an oven 35feethigh, —_ 
holding 12 sections of the pipe, and baked at a temperature of — 


400 to 600 degrees Fahrenheit for several hours, the oven making 


two draws per day. The pipes were found tobe evenly coated,and 
it was almost impossible to tell the bottom from the top. The 
coating was very thin, but absolutely continuous and closely _ 


adherent, not easily scaled off even under the blow of a hammer, 


and withstood transportation and the work of landing it in the on 


pipe trench without injury. 
The drip from the oven was recovered and used again by the 


varnish makers, Edward Smith & Co., Prof. A. H. Sabin, chemist oa n 


ats 
— 
“(a 
An 
ie 
| 
v4 
7 
is 
i 
aA 
a 
= 
~ 
De 


| 
and manager, director, whg furnished the contractors with all 
_ the japan necessary, receiving back all that was unused. 

This baked japan was removed from the ends of the pipe 
sections, both inside and outside, in a strip about four inches 
wide; and when the pipe had been joined, riveted, and caulked, 

these joint strips and rivets were coated with a compound similar 
to the enamel in composition, but applied with a brush, and 
which hardened, within a few days, into a tough black varnish 
(there being no pigment in its composition), that appears from 
the samples presented to be only in a minor degree inferior to 
the baked japan coating, and is evidently much cheaper in its 
application. If the action of “pitting,” at the junction of the 
_ brush compound with the baked enamel at the junction rings of 
the pipe does not appear after the lapse of a few years, the ideal 
anti-corrosive or preservative compound would seem to have 
made its appearance, even if skilled supervision is required for 
its application, instead of the haphazard methods in practice in 
the spreading of ordinary and so-called anti-corrosive paints and 
compounds. 

Engineering News, April 4, 1895, page 226, “ Preservative 

Coatings for Steel Pipe on the Rochester Water Works,” con- 
tains an interesting criticism, by Willard D. Lockwood, Jr., 
_ ALS.C.E., on Mr. Sabin’s baked japan or enamel coating, and 

the “Maltha” coating, as actually applied to the pipe, that will 

_ be read with interest by all engineers, as the comparative merits 

and defects of the two coatings are well set forth, though no 

- mention is made of the calamitous results attendant on the 

application of the P. & B. paint applied to cover the defects of 

the “ Maltha” compound, and which may well be denominated 

as a phase of engineering rabies, that not only affected the 

painters applying it, but evidently reached the officials who en- 
forced its application. 

Some additional data relative to the nature of asphaltum will 

be given under the fourth class, as carbon paints. 


i 


IRON OXIDE PAINTS. 


The characteristics of these paint compounds have been so 
fully set forth in the preceding papers that it is superfluous to 
refer to them in much detail here. Paper 598, vol. xv., pp. 
1014-1020; also, paper 626, vol. xvi., pp. 386-408, 409, 7’ans- 
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RUSTLESS COATINGS FOR IRON AND STEEL, 


actions American Society Mechanical Engineers (1894, 1895), 
describes the chemical action of these paints upon the vehicles 
with which they are mixed and the surfaces coated with 
them. 

The persistency with which the iron oxide paint manufac- 
turers push their claims for the recognition of their product as 
the only great preservative compound of the day for all sur- 
faces, metallic as well as those of wood or mineral, and the 
readiness of some engineers to accept their claims without 
investigation, notwithstanding the many instances which these 
paints present of their failure as anti-corrosive compounds, neces- 
sarily requires me to illustrate some not otherwise noticeable 
facts relative to their use. 

Scores of important iron structures have been coated with 
these paints under the best conditions of application, the non- 
protective character of these compounds being painfully appar- 
ent to any person who has examined the Victoria Tubular 
Bridge over the St. Lawrence River at Montreal; the trusses 
and lattice iron work of the Brooklyn Bridge ; the elevated rail- 
way structure of New York City, notably that important por- 
tion, completed within the last few years, which carries the 
Washington Heights and Macomb’s Dam roadway over the 
One Hundred and Fifty-ninth Street elevated railway station, 
where the combined effects of mill scale, iron oxide paint, sea- 
air, steam, and the products of combustion from the many 
locomotives daily passing under the viaduct afford as prominent 
an example of engineering blundering as the present decade 
has thus far developed. 

So rapidly has corrosion in the latter case developed that it 
is safe to assume that this important structure will succumb to 
its effects within twenty-five years from the date of its erection, 
unless some more drastic remedy is applied to check it than 


the dabbing of a paint brush dipped in a sixty-cents-per-gallon _ 


paint. 

Other equally prominent examples of the injurious effect on 
ferric structures of the use of these iron oxide paints could be — 
cited if needed to warn engineers against their further use as 
protective coatings. The trade-marks covering these paints 
are numerous, and whether as kings, princes, potentates, or 
other euphonious metallic browns, asbestos and silica com- 
binations, their ravages on metallic surfaces are clearly discern- 
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RUSTLESS COATINGS FOR IRON AND STEEL. = 
ible at all times, except immediately after the application of a 
fresh coat to cover the injuries of the past ones. 

The color of these oxide paints is in general a pleasing one, 
and has had much to do with their extensive use. These colors, 
ranging from a bright red without a brownish cast to that of a 
disagreeable purplish hue, are the result of the different pro- 
cesses of manufacture of the dry pigment; different iron ores 
used as the metallic base ; also, of the fineness of grinding and 
the admixture of different amounts of japan drier and turpen- 
tine during the grinding. The worst offenders, in a corrosive 
sense, are those of the brightest color, which, being made from 
the calcination of copperas, contain so large an amount of sul- 
phuric acid, not driven off by the heat of calcination, as to re- 
quire the addition of inert substances to correct this defect, 
notably carbonate of lime, which is changed by combining with 
the sulphuric acid present in the oxide to a sulphate of lime, 
of itself not an injurious substance in a pigment. These inert 
substances (not true pigments) govern the color of the oxide 
paint to some extent, but the color is no criterion of the purity or 
merit of the iron oxide pigment. 

Much stress is laid by the manufacturers of iron oxide paints 
on the large quantities sold to the national governments of the 
world, for use on the many iron structures committed to their 
care and preservation, with a too frequent implication that no 
other protective covering is effective ; whereas, there is scarcely 
a government bureau of construction and repair in the whole 
world which does not specially prohibit the use of these paints 
on any important metallic structure under their control. 

To such an extent has this game of iron oxide brag extended 
that the Verein zur Beférderung des Gewerbfleisses (or Society for 
the Promotion of Useful Arts), Berlin, Prussia, has offered a 
silver medal and prize of one hundred and fifty pounds for the 
best paper giving a chemical and physical analysis of the oxide 
of iron paints in general use for anti-corrosive purposes. This 
paper will be made public at some date during the present year, 
and it is hoped will serve as a text-book to instruct the rising 
corps of engineers upon the question of what not to use to pre- 
vent corrosion in metallic bodies. 

The specifications for iron oxide paints mixed ready for 
spreading, in use by many of the leading lines of railway in the 
United States for their freight car and wooden structural work— 
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also used, with some modification in color, for the covering of 
iron trusses, bridges, roofs, and other metallic work; also 
adopted by many bridge builders and iron structural manu- 
facturers, architects, and others to coat their work before erec- 
tion and when in place—are generally about as follows: 

Pigment, 75 per cent.; liquid, 25 per cent.; both by weight. 
The pigment to be composed of sesquioxide of iron, 50 per cent.; 
carbonate of lime, 5 per cent.; fully hydrated gypsum, 45 per 
cent. If the sesquioxide of iron is less than 40 per cent., or the 
liquid less than 23 or more than 27 per cent., the sample is re- 
jected ; also if it contains less than 2 or more than 5 per cent. 
of carbonate of lime uncombined ; also if more than 2 per cent. 
of volatile matter be found in the oil when dried at 250 degrees 
F. If barytes or other inert substances, color, or material 
less opaque than sulphate of lime is found, the sample is re- 
jected. Even with so large a quantity of inert material as given 
above, or 50 per cent. of the pigment, these oxide paints have 
good covering power, and are still so strong in oxidizing quali- 
ties as to materially hasten the decomposition of the oil and 
shorten the life of the paint. The practice of master painters 
and color chemists is from year to year to lower the amount of 
sesquioxide of iron in the pigment, and if another 5 per cent. 
was taken out of the above proportions, the paint, so far as its 
application to iron structures is concerned, would be materially 
improved. 

A proportion by volume of 35 to 30 per cent. of pigment and 
65 to 70 per cent. of liquid gives a good result with nearly all 
paints. 

If to each gallon of oil there be added as much dry pigment 
as four times the specific gravity of the pigment, the different 
amounts of pigments which a gallon of oil will require to form a 
good spreading and covering paint will be as follows: Dry white 
lead, 26.4 lbs.; dry white zinc, 21.2 lbs.; Indian red, 20 lbs.; 
yellow ochre, 12 Ibs.; umber, 11.84 lbs.; bone-black, 10.4 Ibs.; 
freight-car color, 9.20 Ibs.; the percentages of the above being 
67.40 per’cent. by volume of liquid and 32.60 per cent. of pig- 
ment. Or, if the white lead was mixed as a paste, one gallon 
of oil would require 41.80 lbs. of white lead paste to spread 
well. 

The reluctance of the principal manufacturers of iron oxide 
paints to furnish the public with correct analyses of their prod- 
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 -- uet, either as dry pigments, paste, or color, is nearly equalled 


by their readiness in quoting the low price at which it can be 
obtained in comparison with red lead and other pigments. 

A noteworthy example to the contrary is found, however, in 
the data furnished by the Prince Manufacturing Company, who 


_ give the analysis of their Prince Bros.’ mineral brown paint, 


Viz.: 


Peroxide of iron, Fe,0; 
_ Carbonate of lime 


They also furnish the following data, not known generally to 
engineers, which is of interest enough to place upon record : 

Prince Bros.’ mineral brown may be used as an effective sub- 
stitute for the Bower-Barff process upon iron and steel which can 


e be heated to a bright red, by simply mixing the pigment with 


resin oil (which costs about 15 cents per gallon), and painting 
the mixture upon the iron, then heating it to a bright red. The 


oil burns off, the peroxide of iron melts into the black or mag- 


netic oxide or rustless coating, the silica in the pigment acting 
as a flux, and becomes a part of the iron itself. No gas, steam, 


or muffles are necessary in the process; it is required only to 


heat the article coated with the above composition ; the cost is 


only nominal for the pigment and oil. This effect is easily 


shown by thus coating a piece of iron and heating it in a common 
stove or grate-fire. The process is not patented, but is quite 
as effective and more meritorious than many of the preservative 
processes that are thus honored. 

A paper presented by Mr. Emil Gerber, Member A. S. C. E., 
at their May meeting, New York city, 1895, “ Preservation of 
Iron Structures exposed to Weather,” gives the result of a per- 


- sonal examination of a number of iron bridges and structures 


coated with iron oxide and other paints, and compares their con- 
dition with each other. It is the strongest and best presenta- 
tion of the merits of iron oxide paints ever published and will 
give great satisfaction to those who believe in that sort of a pig- 
ment. 

Mr. Gerber’s examinations were confined to iron structures 
erected at, inland points, and in a subsequent communication he 
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infors that, for structures exposed to sea-air, the use of red lead, 
or some other paint compound, might give a better protective 
result than the iron oxide paint. This appears to be a singular 
deduction, as it seems to the writer that any paint which will 
resist the corroding effects of sea-air would also be the better 
one to use on inland structures, even if the cost of the paint was 
the governing factor in the case. 

A query arises here, At what parallel of latitude or degree of 
longitude the line of useful paint effect should be drawn in 
determining what paint to use to protect the structure ? 

The iron oxide paints used on the structures examined by 
Mr. Gerber appear to have been made from a red hematite 
ore, prepared without roasting by simply being ground fine, and 
mixed with boiled linseed oil at the point where it was used. 
Its color was a brown purple. The chemical composition of the 
pigment, from an analysis submitted by the manufacturers, and 
one from an independent source, is of interest, as showing the 
sublime faith of the advocates of iron oxide in the protective 
qualities of comparatively a pure iron, minted into a paint and 
spread over another ferric body to preserve it from corrosion. 


| 
Substances in the Pigment. R. Co.'s 


93.68 92.40 


Sesquioxide of iron, Fe.0;, the chemical 
being iron and 30% oxygen. 
Silica. 8.36 


1.69 


0.84 
Organic and volatile 
Magnesia . . 0.48 
0.029 


0.351 


100.00 


A comparison of this pigment with the specifications men- 
tioned above (p. 685) may account for the anxiety manifested by 
the bridge engineers at the appearance of corrosion on the struc- 
tures erected by them, the preservation of which, by the use 
of a paint of their own selection, was supposed to be of import- 
ance enough to warrant an effort to secure the best result from 
a protective coating at least commensurate with the engineering 
ability expended upon the design and erection of the structure. 

Mr. Gerber cites, that a number of analyses of iron oxide 


RUSTLESS COATINGS FOR IRON AND STEEL. 
=. 
4 
ey 
4 
- 
~ 
+ |: 
; — 
umina... 
be 
Loss 0:0 
& 
4 


4 


RUSTLESS COATINGS FOR IRON AND STEEL. 


paints, ordered from the same manufacturers at different times, 
varied so greatly in the composition of the pigment and the 
wearing qualities of the paint as to finally warrant their rejec- 
tion; that the exact composition of the paints when applied 
was unknown, and when the early decay of the paint was mani- 
fest no records were available to prevent a repetition of the fail- 
ure. And the writer adds, neither was there any confession on 
the part of the engineer as to how far the element of “Cheap 
John” had entered into the selection of the paint and its appli- 
cation. 

A comparison of Mr. Gerber’s deductions with the results ob- 
tained by the use of graphite pigments, as per samples presented 
for examination at this meeting, will be of interest to the mem- 
bers of the A. S. M. E., and may prove a partial solution of the 
vexed question, “ What is the best pigment to use to prevent 


-* eorrosion?” and will do much to remove the matter from one 


of argument and experiment to that of practical use. 
ZINC AND LEAD OXIDES. ee | 

Oxide of zinc or zinc white—This pigment as a preventive of 
the corrosion of iron is in a great measure removed from con- 
sideration, notwithstanding its cheapness and desirable color. 
Its tendency to peel or flake off from metallic surfaces, its early 
decomposition when exposed to external atmospheric influences, 
and its tendency to form with the oil a zinc soap compound which 
is easily washed away—all these difficulties combined have ren- 
dered its use of the most unsatisfactory character. 

Mixed in equal parts with white lead and ground with pure 
boiled or raw linseed oil, its use is in a measure satisfactory for 
house painting, either for inside or external work. So combined, 
its use is very general in all of the tinted or colored paints which 
crowd the market under many trade-mark names, with varying 
qualities of usefulness and durability. 

When mixed with the red oxide of lead in the proportions of 
one-quarter to one-third zinc to three-quarters or two-thirds 
red lead, and ground together in raw linseed oil, it forms a very 
durable and effective coating for iron surfaces, either as a pro- 
tection from corrosion, or as an anti-fouling compound for sur- 
faces wetted in sea-water. (See 7'ransactions A. 8. M. E., vol. xvi., 
pp. 400-403, Report of Paint Tests, U. S. Navy, 1885.) When 
so mixed, the “setting” action of the red lead is delayed, about 
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the same as when lamp-black is mixed with red lead. Anounce 
of lamp-black to a pound of red lead delays the setting of the 
_ red lead paste some thirty days. Japan driers can be added at 
the time the oil is added to thin the paint for application, in 
order to make the paint quick-drying. 


WHITE LEAD (HYDRATED CARBONATE OF LEAD), SUBLIMED LEAD (PbSO,), 
LEAD OXIDES, RED LEAD (MINIUM), PYROLUSITE, MnO, (OR MAN- 
GANESE DIOXIDE ORE). 


Ware Leav.—Hydrated Carbonate of Lead. The native anhy- 
drous carbonate is also called white, lead ore or cerusite, PbCO,, 
specific gravity 6.465 to 6.480, and is found in various parts of 
the world. | 

There are two methods of preparing white lead pigment. In 
the older or Dutch method, thin sheets of lead are placed over 
gallipots containing a weak acetic acid (water with 2} per cent. 
of strong acid), the pots being imbedded in fermenting tan-bark, 
the temperature of which varies from 140 to 150 degrees F. 
A quantity of vinegar, containing not more than 50 pounds of 
strong acetic acid, converts 2 to 2} tons of sheet lead into the 
carbonate in a few weeks. The lead is neither oxidized nor 
carbonated at the expense of the acetic acid. The oxygen is 
derived from the air, and the carbonic acid from the fermenting 
tan-bark. The acid serves to dissolve the oxide of lead and 
convert it into a basic acetate, which is easily decomposed by 
carbonic acid, the acetic acid being thereby set free to act upon 
another portion: of the oxide of lead. 

This is shown to be its mode of action by what takes place in 
the more modern process, in which oxide of lead (litharge, the 
scum of silver ore, called also massicot) is mixed with water 
and about one per cent. of neutral acetate of lead—sugar of lead 
(C,H,0.)2Pb or Pb O,C,H,O;—and carbonic acid gas is passed 
over it. In this manner the oxide is quickly converted into 
excellent white lead. 

The nitrate of lead has also been employed in this process 
instead of the acetate. White lead is often mixed with barytes, 
gypsum, and oxide of zinc to render it less liable to be black- 
ened by the action of sulphuretted hydrogen; the addition of 
whiting, sulphate of lime, and other of the inert pigments being 
readily detected by the change in its specific gravity when dry, 
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and by various methods of analysis when ground in oil either as 
a paste or a paint. A comparison of its combining power with 
oil as compared with other pigments is given elsewhere. 

White lead, when pure and carefully ground with pure oil, 
without drier, and allowed to take its time to dry thoroughly 
before another or the second coat is applied, forms a very effect- 
ive coating to prevent decay in wooden structures or corrosion 
in iron. The pigment being held to the surface coated by its 
combination with the liquid, the oxidation of the oil from 
atmospheric exposure leaves the pigment free to come away as 
a fine powder; and in cases where the paint has been exposed 
for a long period without being dressed with a coat of oil, the 
pigment will be found to be quite easily removed by passing the 
hand over it. 

When protected from the direct action of the elements and 
' the sun, as on the under side of cornices, etc., the paint will be 
found hard and resistant after the lapse of many years. Its 
color readily shows the progress of any decay or corrosion be- 
neath it, and this virtue alone causes its rejection as a protective 
coating, even if the cost of it was of no consideration. 

Many instances of its effectiveness as applied to iron to pre- 
vent corrosion can be cited. One of them, from the prominence 
of the circumstances, is here given (restated from vol. xv., p. 
1015) : 

The iron material in the old Hammersmith Bridge across the 
Thames at London, Eng., was bought to use as false work at 
the new Forth Bridge, Scotland. The iron, after sixty-two years 
of service, was as good as new. Many of the parts were inac- 
cessible, and had not been repainted since their erection. Pure 
white lead paint was what had preserved them. 

Light-houses, beacons, and signal stations at numerous points 
on the coast in all parts of the world show, even in their exposed 
positions, the protective power of good white lead paint. A con- 
dition precedent to its application should be the removal of all 
scale and grease, an absolutely dry and clean surface, and a 
clear, bright atmospheric condition during the drying. 

SULPHITE OF LEap.—PbSO,, prepared by the double decom- 
position, or by passing sulphurous oxide into a solution of neu- 
tral plumbic acetate, has been proposed as a substitute for 
white lead. It is a white, insoluble, anhydrous powder, which, 
when heated, gives off sulphurous oxide and leaves a mixture of 
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_ gulphate and sulphide. There is no record of its qualities as a 
protective agent on any structure that would lead to its general 
use in preference to white lead. 

SuBLIMED Leap, PbSO, (Wuire Paint).—A new preparation 
of lead, a by-product obtained in the smelting of non-argentifer- 
ous lead ore, is coming into prominence as a substitute for 
corroded white lead prepared by the Dutch process as a pig- 
ment. It is also known in the trade as Joplin lead, from its 
place of manufacture, Joplin, Mo.; also as Picher lead, from 
the name of the manufacturing company. It is made in two 
colors: white, used for all colors incident to the use of ordinary 
white carbonate of lead; and blue, which is a preferable color 
when used as a pigment for iron, or as a material in the manu- 

facture of rubber, etc. Whatever good qualities the white has, 
are also shared by the blue. The chemical composition of sub- 
limed white lead is a sulphate and an anhydrous oxide of lead, 
both amorphous. Incidentally, there is a small percentage of 
zinc oxide in the pigment, the Missouri lead ores containing a 
small amount of zinc; but it is generally conceded that the zinc 
oxide is no detriment to the lead pigment. 

The sublimed lead is prepared in special furnaces, in which 
the mineral is roasted, and is one of the products of sublimation 
and partial oxidation of galena ore with bituminous coal as a 
fuel, and owes its dark color to the lead sulphide and carbona- 
ceous matter in it. The galena ore is first smelted with raw coal 
and slacked lime in a furnace, using an air-blast to obtain the 
required heat ; the hotter the fire the more lead is volatilized, and 
the more “fume” is produced. The products of this smelting 
are pig-lead, pasty slags containing more or less lead, zine, and 
other constituents of the galena ore, and the “fume.” The lat- 
ter is drawn off by an exhaust fan through a settling chamber 
to a bag house, which contains a large number of woollen bags 
for filtering the fume out of the gases. This “ fume” is a lead- 
colored, impalpable powder known as “blue powder.” It is 
ignited and allowed to burn for several hours, which converts it 
into white, coherent crusts. These crusts, with some oxidized 
ores and hearth slags, are next charged into a special furnace 
with a very hot coke fire. The products of this smelting are 
pig-lead, slags poor enough in lead to be thrown away, and the 
“fume,” which in this case is perfectly white and in a fine state 
of subdivision, suitable for a white pigment, and is sold as such, 
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either dry or ground in oil, as is usual with carbonate or white- 
lead products. 


The process is the same in principle as used in collecting the 
oxide of zinc for use as a paint. The use of “fume” from the 
smelting of lead for a paint is very old; Bishop Watkins, in his 
scientific writings in 1778, mentions the use of the gray fume, 
but its color was then objectionable. bs te 

An analysis of some samples of the white powder gave— 


0.08 


Some 4,000 to 5,000 tons are yearly manufactured by the 
Picher Lead Company, Joplin, Mo., the sale of the sublimed 
lead as a by-product enabling their smelters to be kept in opera- 


tion while the surrounding smelting works were closed on ac- 
count of the low price of pig-lead. 

The process is patented, and known as the “ Lewis and Bart- 
lett Bag-Process of collecting lead fumes,” and has been men- 
tioned and more or less described as follows : 

Mineral Resources of the United States, 1883-4, p. 427; Engi- 
neering, 1884, p. 495; Engineering and Mining Journal, vol. xl. 
(1885), p. 4; B. und H. Zeitung, vol. xlvii., p. 346 (describes 
the works of the Bristol Sublimed Lead Company, Bristol, Eng- 
land, where the process is in operation); Prerass Zeitsch, vol. 
xviii., p. 195; Fresenius Zeitsch, vol. vili., p. 148; Transactions of 
the American Institute of Mining Engineers (Washington meeting, 
February, 1890), illustrated. 

The product is sold under strong guarantees as to quality 
and merit by the Picher Lead Company, Joplin, Mo. It is 
claimed that it is but little if any affected by ammonia or sul- 
phur fumes, products of combustion, etc., and that it does not 
crack or peel when applied to metallic or mineral surfaces. Its 
covering power is good, and, judging from the samples presented 
to this meeting, it appears to be able to withstand the gnawing 
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tooth of time as well, if not better, than any proposed substi- 
_ tute for white or red lead which has yet been presented for the 
consideration of engineers. 
; The samples in the bottles are the dry powders of the white 
and of the blue pigments. The sample of iron piping is painted 
on one end with two coats of red lead, and on the other end with 
one coat of the blue lead pigment, to contrast the covering 
powers. 

The samples of wood coatings are from a new picket fence, 
painted in 1892. Two alternate pickets in the fence were 
painted with the best corroded white lead and with the sub- 
limed lead, upon the same day, by the same painter, using the 
same oil in both kinds of paint, applied with separate brushes, 
from separate paint pots, and care taken to have all the condi- 

_ tions as uniform and unbiassed as possible. The appearance of 
all the samples is decidedly in favor of the sublimed lead. 

[am under obligations to C. V. Petraeus, chemist and metal- 
lurgist at Joplin, Mo., for the samples presented and a descrip- 
tion of the process and works of the company. 

Rep Oxive oF LEAD, Pb,O, (Mintum).—This oxide is found 
native in various parts of the world, mixed with other ores of 
lead, and probably resulting from their oxidation. In some 
localities it accompanies cerusite or white lead ore. 

When prepared for analysis, or when the commercial article 
is freed from the protoxide by digestion with a solution of 
acetate of lead, it contains 90.63 per cent. of lead, and 9.37 per 


cent. oxygen, numbers agreeing exactly with the formula Pb,O,. 


It may be regarded either as a compound of the protoxide 
and peroxide of lead, PbO.PbO,, or perhaps of the protoxide 
and sesquioxide, PbO.Pb,O,, analagous to the magnetic oxide 
of iron. Its specific gravity ranges from 8.6 to 8.94. 

The commercial red oxide of lead is formed when the pro- 
toxide is kept ata low red heat for a considerable time in contact 
with the air; also, after the previous formation of hydrated 
protoxide and basic carbonate of lead, when lead shavings are 
strewn upon water, the vessel being loosely covered and set 
_ aside for some months, the formation of red lead taking place 
upon the surfacés of the lead exposed to the air. 

It is largely manufactured in England in specially constructed 
furnaces, on the hearth of which the lead is melted and kept at 
a low red heat, and enemas stirred to allow oxidation to 
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occur. The massicot so formed during the twenty-four hours of 
exposure to the heat is taken out, ground to a fine powder and 
washed, and again exposed in the same furnace for forty-eight 
hours to the same low red heat, until a sample taken out appears 
a dark red while hot, and a bright red when cooling. The 
furnace is then closed and left to cool slowly, a condition most 
essential to the success of the operation. 

In Germany, the conversion of the massicot into red lead is 
effected not upon a hearth, but in a peculiar barrel-shaped ves- 
sel open at both ends. It is sometimes necessary to repeat the 
operation by the German method to improve the color. 

The carbonate of lead, PbCO,, may also be used instead of 
the massicot for conversion into red lead ; but when the temper- 
ature is properly regulated, another pigment is obtained, called 
. orange lead. Red lead thus prepared, which, however, retains 
a little carbonic acid, is a pigment known as Paris red. 

There are other methods for preparing red lead in small quan- 
tities, not necessary to describe, as the principal methods for 
furnishing the commercial article are by the above processes. 

Commercial red lead contains all of the foreign metallic oxides 
—such as the oxides of silver, copper, and iron—with which the 
massicot or litharge used in preparing it is contaminated. It is 
also adulterated with red oxide of iron, boles, or brick-dust ; 
these substances remain undissolved when the red lead is 
digested in warm dilute nitric acid ; boiling hydrochloric acid ex- 
tracts the sesquioxide of iron from the residue. When red lead 
thus adulterated is ignited, there remains a mixture of yellow 
lead oxide and the red substances which have been added to it. 

The use of red lead as a pigment is possibly of earlier origin 
than any of the oxides of iron, ochres, and other substances, 
natural or artificial, of which we have any record, unless it be 
asphaltum or lamp-black. The-many miscellaneous pigments 
which have come forward, been tried, and found wanting in some 
one or other of the qualities which constitute a good paint are 
almost numberless. There is no other color pigment whose use 
as a protective covering to wood, brick, stone, or metal has been 
so uniformly satisfactory and successful as red lead, and any 
failure to fulfil its mission can be traced directly to some agency 
foreign to the lead itself, used either in its preparation or in the 
methods of its application. 

The characteristics of red lead, its application, and other qual- 
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ities as a preservative coating for ferric and other surfaces have 
been so fully set forth in a previous paper (Montreal meeting, 
June, 1894, Transactions A. 8. M. E., vol. xv., pp. 1013-1022) 
that it is unnecessary to repeat them here. 

Mention is made (same volume, pp. 1027-1028) of the experi- 
ments of Sir William Thompson upon the effect of manganese 
dioxide ore (pyrolusite, MnO.) as a pigment for the preservation 
of iron. Experiments still continue upon this substance, the 
merits of which are quite fully set forth in the claims of the 
English patent, No. 22,338, November 22, 1892. Several other 
substances also possess this magnetic-oxide-forming power upon 
the surface of ferric bodies—viz.: scarlet lead chromate, the chlo- 
rates and bichromate of potash—but none of them to the same re- 
markable degree as pyrolusite, which can be produced in quan- 
tities to warrant its use as a pigment. It is strong enough in 
covering power and oxidizing qualities to warrant the admixture 
of other pigments which do not possess this magnetic-oxide-form- 
ing power, to allow for any change in the natural color of the 
manganese, which is a dark steel gray, sometimes bluish ; other 
samples are an iron black. Its specific gravity is 4.819 to 4.97 
when pure. Analysis ofa number ofsamples of pyrolusite yield— 


84.05 t0 87.00 

14.58 to 11.45 
1.80to 0.40 


0.80 to 0.00 a 

0.67to 1.20 
Traces 

0.80 to 0.51 

5.80 to 1.12 


The inert pigments in the manganese ore are so small in 
amount that they are not detrimental to the pigment. The 
sesquioxide of iron is readily removed if desired, but so far as 
the experience with the manganese pigment has gone, the iron 
has not been found to exert-any unfavorable result. Like many 
other instances in nature, its oxidizing effect appears to be 
dominated by the oxide of manganese, which produces the first 
change on the surface of the iron in the form of the black or 
magnetic oxide, but does not take the second step, or change to 
the sesquioxide or scaling point. 

The combination of red lead and manganese dioxide pigments 
appears to be favorable to each other. The manganese does not 
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i z possess the setting power which red lead has to perfection ; the 


presence of the manganese retards this setting power, and 
enables the combined paste to be kept for some thirty days 


_ without hardening, much as the presence of lamp-black does 


with red lead, viz.: 


me One ounce of lamp-black added to one pound of red lead, 
- and mixed together dry before the oil is added, changes the 
color to a deep chocolate, and prevents the red lead from taking 
its initial set with linseed oil as quickly as when mixed with 
oil alone. This compound will remain mixed in a paste form 
for thirty days without hardening. If rapid drying of either 
_ the manganese or lamp-black compounds is desired, japan 
_ drier can be mixed with the oil used to thin the paste before 
_ application with the brush. 
This magnetic-oxide-forming power in the above named pig- 
- ment is very obscure, and being comparatively a recent discovery, 
has not received the attention which its importance demands. 
_ We are cognizant, however, of the fact that it exists, and the 
_ pigments which have this unknown power, in themselves alone 
or in combination with each other, may be properly classed as 
magnetic oxide paints in distinction from those called non-corro- 
sive in the trade definition of that term. These magnetic oxide 
paints appear to be passive to the chemical changes which attend 
the drying of paint so far as oxidizing the organic matter in the 
liquid or oil after it has set or dried thoroughly. 

The formation of magnetic oxide upon the surface of iron and 
steel by the action of manganese is of extensive application in 
the arts, where finished articles in iron or steel are plunged into 
a bath of melted nitre containing a small amount of the per- 


% _ oxide. of manganese, and, after but a short exposure, the articles 
become oxidized with a permanent coating of a deep bronze 


color, which sustains mechanical injury, such as blows or hard 
rubbing with a cloth, and are impervious to attack from ordi- 
nary atmospheric conditions. 


CARBON PAINTS—ASPHALTUM, GRAPHITE, AND LAMP-BLACK. 


The fourth class of preservative pigments—viz.: asphaltum 
paint, in contradistinction to asphalt coatings as referred to here- 


&  tofore (page 679), graphite, and lamp-black—constitute the car- 


bon group, whose characteristics are as strongly marked as either 
of the three preceding ones, and exceed them in respect of 
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not being reduced to a lower plane of resistance to decay by 
oxidation (or slow combustion), and, it may also be said, of ex- 

istence, by quick combustion or fire. 

Carbon as an elementary substance remains unchanged 
through all the centuries, and when combined to a greater or 
less extent with organic matter subject to decay, it asserts its 
rights as a preservative agent and ensures a long life to any sub- 
stance with which itis compounded or placed in contact. 

The bricks which formed the hanging gardens and walls of 
Babylon and other Cities of the Plains thousands of years ago 
were bonded by natural bitumen or asphaltum, the thin layers 
and coatings of which are found to-day, unchanged, in vast quan- 
tities, in the soil, while the brick and stone which they bonded 
have perished. 

There is trustworthy evidence that the Egyptians and earlier — 
races of mankind understood the art of preparing this natural __ 
product so that it could be applied cold with a brush as a paint 
instead of as a coating applied with a trowel or mop. What the 
liquid or vehicle was which was mixed with the bitumen when 
it was used as a paint there is no evidence other than the 
assumption that it was linseed oil, as the use of linen for gar- 
ments was universal, and of oil for food, the latter being made 
from olives and other vegetable products by placing them in a — 
bag and subjecting them to pressure by piling stones uponit. _ 
The presence of the flaxseed led to the extraction of its oil for — 
food ; the siccative nature of the oil, being soon apparent, natur- — 
ally paved the way for its use as a coating for domestic articles, _ 
and paint was born, long anterior to the time when the success- _ 
ors of Tubal-Cain were casting and beating into shape the sa- 
cred vessels for the Tabernacle upon the Plains of Zeredatha. 

The wrappings of the mummies were prepared by saturating _ 
them with bitumen and some solvent, possibly poppy-seed oi = 3 =—— 
and natural naphtha from the wells and springs which abounded 
near the lakes where the bitumen was obtained ages ago, which | ; ; 
were gray with the lapse of centuries when Moses stood before __ 
Pharaoh and pleaded for the freedom of his race. 

The characteristics of asphaltum as a ferric coating are briefly _ 
given : 

Asphalt or mineral pitch, specific gravity = 1 to 1.68, melts - 
at 100 degrees C. = 212 degrees F. According to Bous-— 
singault (Am. Ch, Phys. [2] lxiv. 141), “is a mixture of two defi- 


} 


A 
p 


nite substances, viz. : asphaltene, which is fixed and soluble in 


alcohol; and petrolene, which is oily and volatile. The greater 
part of the latter may be volatilized by distilling the asphalt 
with water.” 

It is the petrolene that gives the cementitious or bonding value 
to compositions into which it enters. Bermudez asphalt is about 
2 to 3 per cent. purer than Trinidad. Samples of Bermudez 
analyze 97.22 per cent. of materials soluble in bisulphide of 
carbon. A large amount of these materials is also soluble in 


= ether, showing that the bitumen contains large amounts of 


petrolene. 
Petrolene in Bermudez = 81.63. 
‘th “ Trinidad = 80.01. 


Egyptian asphalt is the purest of all the qualities of asphalt, 


“but is not procurable at present in commercial quantities re- 
quired for pavement or pigment coatings, but is used in the finer 


qualities of japanned or enamelled wares. 

Asphalt yields by dry distillation a yellow oil, consisting of 
_ hydrocarbons mixed with a small quantity of oxidized matter. 
It begins to boil at 90 degrees C., but gradually rises to 250 


degrees C., giving oils of specific gravity during the boiling, 


viz.: 90 degrees C. to 200 degrees C., sp. gr. = 0.817 (at 15 de- 
grees C.); that which boils between 200 degrees C. and 250 
degrees C., sp. gr. = 0.863 (at 15 degrees C.); both portions 
giving by analysis 87.5 carbon, 11.6 hydrogen, and 0.9 oxygen, 
which is nearly the composition of the oil of amber. 

These asphalt oils, treated with sulphuric acid and then 


washed with potash and subject to dry distillation, yield a 


number of oils which are insoluble in water, or strong nitric acid, 


and are but little affected by strong sulphuric acid, but are very 


goluble in alcohol or ether. 


It is the writer’s opinion that the future water-proof anti-cor- 
 rosive paint will be made from these asphalt oils as the medium 
combining some of the carbon group of pigments, and that the 
drying qualities will be had by using some of the strong me- 
tallic salts, peroxide of manganese, umber, dioxide of manganese 
ore, red lead, or litharge, all of which are available agents to aid 
in oxidizing the oil; and it is possible that some of the oxidizing 
or corrosive energy of the iron oxide group may be utilized to 


act as a drier, and, when this point has been reached, become a 
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_ passive agent instead of a corrosive one to the paint and the 
metal which it covers. 

There are a number of paints upon the market extensively 
advertised as asphaltum paints, or under other fanciful trade- 
mark names. The principal merit of some of these consists more 
in the name than the quality of the paint. If it is once con- 
sidered that only about ten per cent. of asphaltum enters into 
the composition of the well-known street pavements, and that so 
little quantity as this amount, however it may govern the other 
constituents of the paving compound, has to be put in place or 
applied hot, and cannot be used or compounded in any other 
manner, it may be apparent that, notwithstanding the catch- 

penny name, really but little if any asphaltum of either high or 
low degree ever enters into the composition of any of these 
paints. 

It is the writer’s opinion, based upon an examination of many 
of these paints, that there is not as much as five per cent. 
of asphaltum in the composition of any brand of such paint 
upon the market. Even with this small amount, and with the 
best of boiled or raw linseed oil as the vehicle for the pigment, 
the paint is difficult to dry without the use of strong metallic 
salts mixed with the oil to aid its oxidizing or drying quality ; 
and if a quick-drying paint is wanted, these oxidizing materials 
are added in such amounts as to materially affect the life of the 
paint. 

When the color of the paint is other than black or steely 
gray, it may be doubted if any asphalt will be found present 
under the closest analysis; and the red and brown colored 


y 


x 


samples will be found to rely almost wholly upon some oxide of a 


iron as the base of the pigment, under whatever name it may be 
masked. 


The characteristics of all of these colored or tinted trade — i 


paints appear to be almost. identical with the iron oxide paints 
made and sold as such without disguise. They become hard 


and crack or scale off the same as the iron oxides, and after the _ 7 


second or third repainting even the manufacturers recommend 
the removal of all the old paint by burning or scraping before 


the application of the new coat, a proceeding that, witha 


thoroughly reliable and durable paint, should be wholly un- 


necessary. (See vol. xvi., paper No. 626, p. 399, Transactions ie i 


A.S.M.E. United States Navy Department paint tests, 1885.) 
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Graphite as a pigment, both the foliated and amorphous 
_ brands, has been described in a previous paper (Montreal meet- 
ing, June, 1894, No. 598, vol. xv., Transactions A. 8S. M. E., pp. 
1033-1072), but some additional information is available upon 
its merits. 
The Detroit Graphite Manufacturing Company, the analysis 
of whose brand of L. S. G. amorphous graphite pigment is given 
in vol. xv., page 1072, present some samples of its application 
to boiler tubes exposed to the combined action of fire and hot 
‘water under pressure which will be of interest to the members, 
and to which attention is called. 
The resistance of these brands of paint to the corrosive action 
of acids or alkalies is very remarkable, as the following severe 
_ tests will show. Pieces of iron painted with them have been 
dipped in muriatic, sulphuric, and oxalic acids, and then allowed 
‘to dry with the acid upon them for nineteen days, without show- 
ing a trace of any damage to the paint. The longest time which 
other paints withstood these conditions was twenty-four hours, 
and then they were rapidly and entirely destroyed. These paints 
have been immersed in ammonia and sal-soda for nineteen days, 
in coal oil for several weeks, in strong brine for sx years, with- 
out showing injury. Pieces of iron have been coated with L. S. 
G. and submitted to twenty-four-hour tests in boiling alcohol, 
boiling beer, boiling brine, boiling sugar and water, without the 
paint showing any injury. Red lead paint exposed to boiling 
alcohol stood fifteen minutes ; in boiling beer thirty minutes ; in 
boiling brine twenty-five minutes; in boiling sugar and water 
fifteen minutes. L. S. G. paints immersed in cold soft-soap 
stood twenty-four hours without injury, while other paints stood 
for one hour only. All of the above tests are extremely severe 
conditions, and can hardly arise in practical use, except under 
exceptional cases. | 
Smokestacks painted with “superior” graphite paint have 
been heated to redness without blistering. Sheet tin coated 
with these paints can be twisted and bent in all directions with- 
out scaling or cracking the paint. Some samples of the boiler 
tubes coated with these paints, and mentioned in a former paper 
(Transactions A.§. M. E., vol. xv., p. 1,033), showing the power to 
resist the formation of scale, have now been in use for over two 
years and are submitted for inspection. The tube removed, from 
which the samples were taken, was covered with a soft deposit 
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of mud (not scale), and could have been washed clean by a cur- 
rent of water from a hose, while the adjoining tubes, not painted, 
were covered to a great extent with a hard, vitreous scale, over 
_ 7; inch in thickness, that required the use of the scraper or 
usual pickling process to remove. 

The tubes painted had been in use for over a year before 

being painted, and were more or less pitted and corroded. All 
this action has ceased, and there appears to be no reason, from 
the present appearance of the tubes, why they will not be in as 
good order at the end of five years from date as they are now. 

That these paints can be furnished in colors other than the 
dingy or steel-gray color natural to the graphite pigment is 
another recommendation. 

Lamp-black, when ground in either raw or kettle-boiled linseed 
oil, forms a most effective protective coating against corrosion 
of ferric surfaces, as well as decay in wooden or mineral bodies. 

_ The lettering of sign-boards is a familiar example of the merits of 
-_asimple thin coat of this paint to proteet all that it covers more 
effectually than any other known pigment. The life of any paint 
can be almost foretold from the fineness to which it is ground 
when incorporated with the oil. Lamp-black, from its method 
-of manufacture as a deposit from the products of imperfe¢t com- 
-_bustion, is primarily in a condition to be easily prepared for a 
pigment. White lead makes a good paint when mixed with 
one-eighth of its weight of oil. Ivory-black requires its own 
weight in oil, and lamp-black much more. All dark-color pig- 
ments, being but slightly basic in their nature, require more oil 
in their preparation than light colors. It is noticed in picture 
and portrait paintings that the cracks in the paint are far more 
numerous in the dark colors (not blacks) than in the white or 
light colors. 


INERT PIGMENTS. 


The different substances known in the market as inert pig- 
ments, whose use is to a more or less extent admissible, are, viz.: 
barytes (heavy spar); whiting (prepared chalk); gypsum (sul- 
phate of lime, American terra alba); kaolin (pipe-clay); ground 
silica; ground talc (steatite or soapstone) ; ground feldspar (de- 
composed mica, granite, gneiss, and most kinds of basalt). 

Feldspar is inclined to decompose readily when exposed to the 
weather. Many of the clay beds now used to make fire-brick 
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are simply broken-down and decomposed feldspars. Its use in 

_ & pigment or in the composition of a pigment of any material 

which is to be durable or unchanged on exposure to the weather 
is to be avoided. 

2 Tale does not grind well and is inclined to cause a paint to 
peel. 

; Kaolin grinds greasy. In many cases both tale and kaolin can 

be added with manifest advantage to pigments that are of a 

granular nature. 

Silica grinds hard, but its use is less objectionable than some 

of the other before-named materials, and, as a pigment, to be 

durable must be brought to a fine state of subdivision; its use 

ec otherwise is to be avoided. 

tae Barytes, from. its great weight, is but little used, though its 

2 qualities otherwise are beneficial in a pigment. 

a Whiting, when used as a pigment,is liable to a chemical 

Bees? reaction between the oil and itself which may possibly result in 
the formation of a lime soap, which is not at alldurable. Putty, 

however (which is a mixture of oil and whiting), is a very durable 

body, and withstands exposure to atmospheric effects and water 

remarkably well. 

Sulphate of Lime (gypsum), all things considered, is possibly 

the best of the inert substances used as component parts of 

_ pigments. It is a hydrated material which has as a part of its 
composition two molecules of water. The heat caused by the 
- friction of grinding drives off a portion of this chemically 
Wee combined water, and if perchance this water is taken up again 
before the paint is spread, there is a tendency on the part of the 
paint to “liver,” a phenomenon familiar to all painters ; but the 
causes which contribute to this change have not been clearly 
defined, and there is still much mystery in the subject to be 
unravelled. Sulphate of lime is of great durability; it is 
chemically inactive as a pigment ; it has a low specific gravity, 
and can be easily and minutely ground and incorporated with 
whatever pigment it is desired to mix with it and the liquid. 
It does not “ set” nor settle rapidly in the paint bucket, and its 
use has no specially undesirable features. 

_Engineering News, June 6, 1895, p. 370, has a valuable con- 
tribution by Walter G. Berg, C. E. (Engineers’ Office, Lehigh 
Valley Railroad), “ Painting Iron Railway Bridges,” that re- 
views the literature of anti-corrosive compounds to date, and 
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gives a list of paints, their cost per gallon, covering power, and 
general composition and merits as preservative compositions, 
that will benefit the engineering fraternity to read and place 
upon file. 

Mr. Berg’s deductions agree with those of the writer, that the 
most important feature in the application of any paint, good or 
bad, is to prepare the surface to receive it by removing all 
grease, dirt, mill-scale, rust, etc., and not to paint when the iron 
is wet or the weather foggy or cold, unless it can be done under 
cover, in well-warmed workshops. 

The removal of the grease and dirt due to machinery processes 
cannot be too vigorously insisted upon. Samples of paint are in 
the writer’s museum, that were applied over the surface of an 
iron beam covered with machine grease, that had dried per- 
fectly, and formed a coating as tough and almost impervious to 
moisture as india-rubber, yet came away from the surface of the 
iron in skins nearly a square foot in area at the friction of hand 
pressure on the painted surface. 

Cassiers’ Magazine, June, 1895, vol. viii., No. 2, p. 109, has a 
valuable contribution to the anti-corrosive literature of the day, 
“The Care of Stee] Ships,” by Philip Hichborn, Chief Con- 
structor, U. 8S. N. The deductions of Mr. Hichborn agree 
substantially with those of Prof. Vivian B. Lewes, quoted in 


Transactions A. S. M. E., Montreal meeting, June, 1895, vol. 


xvi., paper No. 626, pp. 390-399. 

For internal corrosion in the confined spaces of the double 
bottom, cargo and bilge water on ballast spaces, the use of 
cement has been found to give the best protective results, being 
easily removed when scaled off by mechanical injury or by the 
disruptive action of rust; the wetted surface in these locations 
precluding the application of any paint compound without dock- 
ing the ship, and drying her out by forced ventilation. 

For the corrosion externally, under the water-line, the use of 


red lead and oxide of zinc appears to give the most uniform and . 
satisfactory results, thus continuing the experience and data — 


cr 


4 


furnished by the U. S. Navy Department Paint Tests, reported 


at length in Transactions A. 8. M. E., vol. xvi., paper No. 626, 
pp. 399-403. 
If the continued tests and use of the before-mentioned L. S. G. 


brand of graphite paint prove as satisfactory in the future as they i 


have in the past, under the action of hot water under pressure, 
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and sea-water baths of six years’ duration, its use will materially 
increase the length of life and decrease the cost of caring for 
not only our merchant and naval marine, but also that of every 
other ferric structure or body to which it may be applied. 

Protection from corrosion is a term about as varied in its 
definition as the number of persons, whether master painters 
or engineers, who. use it. In general, it may be said to mean 
that some compound, either a paint or a coating, has been ap- 
plied to a metallic object to prevent its decay from natural 
causes incident to its location or intended use, or both. 

The progress which the mechanical arts make in the life of each 
generation of men in a great measure limits the life of most 
engineering structures, regardless of the failure of the said con- 
structions from natural causes or accident, even if they were 
left as they came from the workman’s hands without a coat of 
paint. 

There are but few of the important railway bridges and via- 
ducts of iron and steel which have been erected during the past 
thirty years, either as constructions for new lines of railway or 
to replace the wooden structures that formerly were the order of 
the day, which will not be pulled down (if they do not fall down, 
as in too many instances is the case) ere they are forty years of 
age, a change rendered necessary by the use of heavier engines 
and trains at higher speeds, to say nothing of the better construc- 
tive methods and materials in them; and he will be rash, indeed, 
who will declare that the next fifty years will not see as many 
radical changes in these structures as have taken place in the 
past. 

The thousands of iron and steel vessels which compose the 
world’s merchant and naval marine have been reconstructed 
in design every ten years since the keel of the first iron vessel 
was laid, and whether as the ocean greyhound which with peace- 
ful intent races against time on her ocean trips, or the formid- 
able battleship or armored cruiser, after but a few years of 
active life they all join the endless procession toward the marine 
junk-shop of obsolete patterns ; while corrosion, speeded on its 
way by the combined action due to sea-air, sulphur, and bilge 
water, high temperatures, marine growths, and the inaccessible ~ 
portions of many parts of the ship, holds high carnival, and, as 
it were, laughs at the puny efforts of man to check its career by 


dabs with a paint brush. 
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Well indeed may the engineer inquire, “ How shall we protect 
the ship?” and, from the complex nature of the question and Baers 5: 
the unsatisfactory nature of many past experiments, cease to — 
wonder at the practice of some engineers, civil as well as — 
marine, in coating the structure or vessel with almost anything _ 
in the way of paint, regardless of quality, composition, or merit, _ 
so that it covers the stains, pleases the eye, costs little, dries _ 
quickly, and makes a shadowed semblance of protection. Why 
spend much money or worry over a thing which is on the way to 
retirement as a back number almost before it leaves the builder’s 
hands, and whose life will, no doubt, not exceed my own? 

If it is a ship or other marine construction, furnish something ~ 
which will permit it to be painted one day, got out of the dock- 
yard the next day, and which will keep the marine growth and 
fouling down, and the expense of docking, scraping, and paint- 
ing it again next year will be gladly borne. 

If it is a railway superstructure, it must be painted and dry | 
ere the workmen’s hammers have ceased to ring upon it. Ifit 
is a railway freight car, why, there are built, repaired, and re- 
painted, at many railway shops, one hundred and fifty cars per _ 
day, each one requiring some thirty-five feet of space upon the 
paint-shop track; and if these cars are to receive two coats of 
paint, and be required to wait from three to four days for each — 
of them to dry, it means some eight to ten miles of paint-shop, 
shed, or side-track room, and railway companies will make no 
such provisions, even if at the end of ten yearsit would prove ==> 
not only better but cheaper than the customary rush methods __ 
or practice of one day for each coat of paint, including spread- __ 
ing and drying, regardless of any atmospheric conditions which 
have so much influence over the latter. a 

Prominent master painters have remarked, when some spe- © 
cially prepared and well-tested brand of paint has been called 
to their attention for its protective or lasting qualities: “Wedo | 
not believé in any paint that lasts fifteen years or more; itis _ 
not good for the trade, and if the use of such paint bids fair to 
become general, we want to get out of the paint business.” Br 

There are many special paints in the market, some of them of 
great merit for the particular purpose for which they are com- ie 
pounded ; but not being generally anti-corrosive, they cannot be — 
detailed without requiring too much space in this paper, and 
their record is only of interest as showing the efforts made to — 
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prevent corrosion. Samples of some of these special coatings 
are presented for examination at this meeting. 
_ The liquid medium which enters into the composition of all 
_ paints, anti-corrosive or otherwise, is of importance enough to 
warrant the preparation of a paper upon that subject alone. Its 
consideration is, therefore, postponed to the fourth and closing 
paper of the series of articles on rustless coatings, 
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SALYSIS OF THE TREMONT TURBINE. 


DCXXXVIII.* 


BY DE VOLSON WOOD, HOBOKEN, N. a. i 
(Member of the Society.) | 


THe Tremont turbine furnishes a coveted example for test- __ 
ing the theoretical formulas for the proportions and deliver- __ 
ance of turbines. It was made by J. B. Francis, engineer, after __ 
the general pattern of the celebrated U. A. Boyden, Esq.,tur- 
bines, which yielded, from careful experiments, an admitted effi- — 
ciency of 88 per cent. The dimensions of a Tremont turbine, _ 
and the careful and somewhat exhaustive efficiency tests are 
fully set forth by Francis, in his work entitled Lowell Hydraulic — 
Experiments. For well-known reasons these did not giveas high 
efficiency as the Boyden wheels, constructed for Appleton & Co.; > 
but the series of tests has been standard on this subject tothe __ 
present day. 

The workmanship on these wheels was of high grade. The 
crowns, which were of cast iron, were accurately turned in a 
lathe, and the partitions (or walls) of the buckets were of Russia — 
sheet-iron plates, “; of an inch thick. These plates fitted into 
grooves carefully cut in the crowns, on which were tongues pro- 
jecting through mortises in the crowns, and the former headed 7 
down, thus securing the crowns to each other without bolts or 


rods, and forming smooth, unobstructed passages for the flow of i a 
water. In the Boyden wheel a “diffuser” was added, which — 
consisted of two crown-like pieces outside the wheel, but not 
rotating with it, the space between which was diverging, 
ing a diminution of velocity of the escaping water, causing more — 
of its energy to be imparted to the wheel. This device, it is 
said, added some 2 or 3 per cent. to the efficiency of the wheel. — 
The Tremont turbine was not provided with this device. 

We have selected for analysis the experiment by Francis 


- * Presented at the Detroit meeting (June, 1895) of the American Society of es 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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which yielded the highest efficiency ; for our turbine formulas. 
are applicable only when the wheel is so proportioned and run 
as to give a maximum efficiency. 

At the meeting of this Society, held in New York city, Decem- 
ber, 1892, the writer presented a paper on “ Hydraulic Reaction. 
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Bradley Poates, Engr's 
Fie. 201. 


Motors,” which is published in the Transactions of this Society, 
vol. xii., pp. 266-309 ; and the notation and formulas here used 
are, for convenience, brought forward. 


[r, = OA, the initial radius, 7, = OF, the outer radius, 
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= ab, the initial depth between the crowns, y, = cd, the 
outer depth ; 
CAB, the angle between the terminal element of the 
guide and the initial circumference of the wheel ; 
= the angle between the initial element of the bucket and 
the initial rim ; "e 
GFI, terminal angle of bucket; 


fall from upper level to wheel ; 


h, = depth of wheel below surface in wheel pit ; 


k= effectual fall ; Pry 
= angular velocity of wheel; 
Q = cubic feet of water discharged per second; 

U = work done by the water on the wheel in foot-pounds ; 
H.P. = the horse power imparted by the water to the wheel ; 
EF = the efficiency of the water at the wheel ; 
V = AB, the velocity quitting the guide = velocity of pass- 
ing the gate ; 
= initial velocity in the buckets ; 
= FG, the terminal velocity in the buckets ; 
= GI, the quitting velocity in reference to the earth ; 
= the direction of the water quitting the wheel measured 
from the rear arc; 
= 62.2, the weight in pounds of a cubic foot of water ; 
= 0.10, the coefficient of friction in the guides ; 
= the coefficient of friction of the water in the buckets. 


| Ly. _ 1 | 


sin (@ + 7;) 


cos asin y; sin’ y; (4) 
sin (@ + 7) sin*(a@ + 7;), 


+ 


sin + 7) 


OS 
¥ 
A 

Soy 
= 
7 
(For max.) @ 
a, 
Ema: 


sin 
sin (a + 


V,= + oF — 2 m1. @ COS 72 (90)] 


The coefficients 4, and yp, are uncertain quantities. Weisbach 
considers “, = 0.10, and 4, from .05 to 0.10. We will assume 
, = 0.10, and for the assumed Boyden wheel ».= 0.05. Our 
analysis will show that u, = 0.15 nearly, for the Francis 
wheel. 

For the wheel we now analyze we have (see Lowell Hyd. a » 


7, = 3.38 feet ; v, = 4.20 feet (p. 14). 


18" | 


| 


13° 
¥1 = 90° 
Q = 138.2 cubic feet (p. 33). 
H = 12.9 feet (p. 33). 
h, = 15.11 feet (p. 33). 
h, = 2.2 feet (p. 33). E> 
U = 111,218.1, total power of the water in foot-pounds 
per second. 
fis E = 0.79375 (p. 33). 
= Fa Ties ai = 161, about, as measured by the brake. 
= 085106, number of revolutions per —_— 
| = 0.9368 feet, depth between the inner edges of the 
crowns. 
= 0.9314 feet, depth between the outer edges of the 
crowns. 


N = 44, number of buckets. 
7 


‘ 
With this data we solve as follows: at a Tetris 
* Rodmer gives for these angles a = 28°, v2 = 22°, v1 = 90°, but these values 


of a and 72 are not so found from Francis’s plates, and are not consistent with 


as measured from Plate III. of f Kop 
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TABLE I 


4% 


alk 2 


e= 
138° 
= 0.20 


a= 21° 
138° 
= 0.10 


Rev. per second...... 


. 869 
79.308 
6.968 
23.115 
3.316 


0.957 
1.108 


5.514 
0.879 0.851 
87.76 79.375 
24.625 | 


Computed 
1 ‘Measured 


Computed 


Computed 
Measured 


Computed 
Measured 


Difference 
or 


well with actual values. 


_ Also the efficiency is : 


From measurements 
The initial depth between the crowns is: 


~The outer depth between the crowns is : 


It will be observed that for », = 0.05 the efficiency is over 87 
per cent., and if a diffuser would add 2 per cent., we would have 
an efficiency exceeding that admitted for the Boyden wheel. 
But it seems improbable that the prejudicjal resistance can 
be so low; and it is well to observe that for vy, = 21 degrees, 
HW, = 0.10 = x, and y, = 10 degrees, a theoretical efficiency 
nearer 90 per cent. will be found. 

It will be seen that for ». = 0.20, some of the numbers given 
in the first column of the preceding table give results agreeing 
Thus, the revolutions are : 


51.3 per minute. 
51.1 per minute. 


79.308 per cent. 
79.375 per cent. 


0.957 feet. 
0.9368 feet. 


0.202 feet. 


1.103 feet. 
.9314 feet. 
.1716 feet, 

2.059 inches. 


Not only do the computed depths differ from the measured © 
ones, but our computed depth is less for the inner rim than for 


= 
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the outer, while the measured values are the reverse. This can- 
not be dismissed with the remark that the wheel was improp- — 
erly proportioned ; for the 138.2 cubic feet per second passed 
the weir; therefore this requires further investigation. 

The depths between the crowns were determined as follows: 
dropping the subscripts in the notation and placing p for r, or 
we have 


y — Nt+siny)vsny=Q . (20) 


Nt = thickness of NV bucket plates. 
 NM-+siny = ring thickness. 
: cy (27 — Nt + sin y) = free ring section for passage of water. 
v sin y = radial component of the velocity i in the bucket, and 
' the product gives the quantity of flow in feet per second, or Q. 
Hence, for initial and terminable values, we have wae Ji init 


in which 27 = whole circumference at p from centre. 


“tal wl 


_ (277, sin y; — Nt) * 12 x 64 
sin — Nt) 44 x9 


(21) 


_ If the thickness of the bucket plates be neglected, we have 
simply (vy, being 90 degrees), 


oT 
ich for 13 d i 
which for egrees gives 


or the depths would be equal; and that the outer depth shall 
be less than the inner, y, must exceed 13 degrees. With 
v2 = 14 degrees, a = 20 degrees, and “, = 0.20, we found that 
the depths should be about equal; then we tried 15 degrees 
with the following results, by the side of which we have 
entered the results of some other computations, as follows: 
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Rev. per second 
E naz. per cent 


In the first column, as measured, the revolutions are practi- 
cally the same, the efficiency 1 per cent. less, and the relative 
depths of the buckets practically as measured, and the differ- 
ence between the mean of the given and calculated depths is 
less than } of an inch. It is not expected that theoretical re- 
sults will be identical with.measured ones—the conditions of the 
former are assumed to be perfect, while the latter involve errors 
of observation and varying conditions. But a further correction 
in the computed depths must be made. Since the gate does not 
fit water-tight, a part of the 138.2 cubic feet which passed over 
the weir may have escaped at the gate, and hence the entire 
quantity may not have done work on the wheel. If there be } of 
an inch clearance at the gate (this assumption is gratuitous, but 
will serve for illustration) there will be an annular opening of 
2x 31 x 3.38 x 4 x 7, = 0.222 square feet. It will be found 
hereafter that the internal pressure at the gate is 2,648 pounds 
_ per square foot, and the atmosphere and 2.2 feet head in the 
tail race give an outside pressure of 2,254 pounds, leaving 394 
pounds inside effective pressure at that point, which would pro- 
duce 


2g x 


 @ velocity = 62.9 = 20feet,nearly; ‘of 

hence the volume of water whink would escape under these con- 
ditions would be 0.62 x 0.222 x 20 = 2.75 cubic feet nearly, 
allowing 0.62 for the coefficient of discharge. This would leave 


| 
. Q=1382 | Q=135.5 | Q@=1382 | Q= 138.2 
Me a = 21° a= 21° a = 23° | 
yo=15° | yg=15° | 14° | = 15° 
Beg = 0.20 Mg = 0.15 Me = 0.20 Me = 0.20 
‘a 5.359 5.407 5.364 5.346 
0.853 0.867 0.854 0.851 .851 
feet 6.954 7.017 7.696 7.67 
28.048 | 28.573 | 23.15 23.19 
4 
~ 
bs 
Pi 
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135.5 cubic feet of water to do work on the wheel. This would 


ait oe Difference, .0114 feet = 4 of an inch, nearly. 


fect 


Measured, 0.9314 feet. 
0151 feet = 4, of an inch, nearly. 


so that the computed values are almost identical with the meas- 
ured ones. 

These results are satisfactory except that for the efficiency. 
The computed value ought to exceed the value determined by 
_ the brake. So I have computed again, making 


= 185.5, = 21°, = 15°, = 0.10, = 0.15, 
the results for which are in the second column of Table II. 
The dynamic efficiency is 80.9 per cent., which call 81 as the 
nearest entire number. If 2 per cent. be the frictional resist- 
ance of the shaft, we have 79 per cent. for the computed brake 
efficiency. This is almost identical with the observed value, and 
the greatest difference between the real and computed depth, y,, 
is only } of an inch, and this difference can be made less by 
assuming 7, a little less than 15°. We conclude, therefore, that 
for this wheel 4, = 0.10, “4, = 0.15, and the mean angle of dis- 
charge, 72, = 143°, or values very near these. The value 15°, 
or 143°, for y,, may not be the terminal angle of the bucket, but 
it will be the mean angle of discharge of a finite stream. 

In this wheel the inside of both the crowns is convex inward, 
as shown in the figure, the curvature being such as to reduce 
the depth between the crowns j of an inch at 5} inches from 
the inner rim. This reduction is about ;!; of the initial depth. 
No reason is assigned for this form. If the object of this curva- 
ture was to conform to the form of the “ vena contracta” it ap- 
pears to be too small. In any case, its effect will be to increase 
the velocity and hence reduce the pressure in the wheel at that 
point; but if the internal pressure exceeds the external press- 
ure (the external being that of an atmosphere 2,116 pounds per 
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; foot, and the weight of 2.2 head of water in the wheel - wens. 
138 pounds, or a total of 2,254 pounds) it seems to be unnecessary. 
The internal pressure was computed from the formula: 


p= Pat Oh, + 
[ — ri)— (1 + sin’ y, + E (1 + — -1] sin’ 


sin’ + y;) 
with the following results for mid-section: 


we TABLE III. 


Pressure Ibs. per Pressure Ibs. per 
Square Foot. Square Inch. 


2,637 18.31 
2,630 18.20 
2,610 18,12 
2,581 17.99 
2,540 17.90 
2,380 16.52 


other points in the wheel. We have found the pressure, p,, at the ; a 
entrance into the bucket, p = 7;, and at } the width of thecrown 
from the inner rim, at }, {, and 7, giving pounds per square foot | is 
as follows: 


Pr Pr Ps 
2,648 2,670 2,667 2,610 2,420 2,254 


= 0986, = 1.20, = 167, = 22, 


The pressure p, is at the gate, where the velocity Berit = 
V = 6.95 sin 21° = 20.83 feet. 
At 4 the width of the crown the velocity will be 7 fo isi 
6.95 x 0.986-= 6.53 feet, 


aa 
(22) 
ky 
y¥=08m — = 1.510 
OF k ip 
« 
s But it is more important, in this case, to find the pressure at ae 
4 
jo? : 
a 
a 
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and the © pressure is greater. Since the terminal velocity is about 
3.3 times the initial, the velocity ought to increase continually 
from the entrance into the bucket, to avoid eddies, and there- 
fore the normal sections should continually decrease, which, as 
is seen, may not be the case with flat crowns and partitions of 
uniform thickness. Thus, near the foot of the preceding page, 


it will be seen that > = 0.986, showing that the normal section 


at ; the width of crown exceeds the initial section. To make 
the sections diminish continually, the depths of the buckets 
may at first diminish and later increase by curving the crowns, 


Fig. 202. Fie. 208. 


as in Fig. 202, the least depth being near the inner rim, as 
the desired diminution of the normal sections beyond that point 
will be secured by the curvature of the buckets. If the wheel 
be cast the diminution of section may be secured by increasing 
the thickness of the walls, as in Fig. 203, the crowns being 
plane. If the terminal angle be less than 13 degrees the outer 
<Sjp depth (in this wheel) would be greater and the 
—<LCWWS crowns should flare outwards, as in Fig. 204. 
The radial flow for the inflow wheel is not 
only less than for the outflow for similar con- 
ditions, but the quitting rim is also much less 
in proportion, and hence, when proportioned 
according to this system, the flare of the buckets will be much 
greater, as shown in Fig. 205. 
The direction of the water as it leaves the outer rim is given by 
the equation 


Fic. 204. 


where 0 is the angle measured from the rear are. This gives, in 
this case, 


 <C "| — 
< 
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or the water will be thrown forward of the radius prolonged 1 

degree 33 minutes ; hence the direction should be nearly radial. 

Francis found, by a movable vane, about 34 degrees; but it is 

nid ithe ‘tb 


kk 


Fie. 205. 


difficult to account for so large an angle, and one is inclined to 
think that there was a defect in the measurement. It is asserted 
by some writers that the quitting direction should be radial for 


y ioe 
i \ / \ 
\ LY, 
dest effect, but theory and experiment unite ix g that t ug oe 
assumption is not true, except in special cases. Se 
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The radial component of the velocity at quitting willbe = 
v, sin = 5.990, 


or, say, 6 feet per second. The velocity of the quitting water 
A? will be w in the equation 


w sin = v, Sin 72; 


ng 
w= 5.99, ‘in Ae tty 


or, say, 6 feet, which is nearly the same as iii radial component, 
as it ought to be, since the direction is nearly radial. 


The initial velocity 


ee or, say, 7 feet, is radial in this case, so that the radial component 

_- of the velocity diminishes from about 7 feet to about 6 feet. 
‘For intermediate points it will depend upon the ring sections. 

To find the diameter of the shaft—The shaft will be subjected 

et Rs to a twisting stress. Let P be a twisting force, and a its arm in 

feet; n, the number of revolutions of the wheel per minute; 


H.P. the number of horse-powers delivered ; then 


33,000 HP 


. where d is in inches, J the modulus of rupture to torsion = 7 
of 50,000, say. 


It HP. = 161, n = 52, then d = ; inches, ee 
In the Tremont wheel, the diameter of the shaft was 7 inches 
- from the wheel to the upper bearing, and larger in the hub. 
To find the path of the water in reference to the earth.—Divide the 
_ space between the outer and inner rims into any number of 
_ parts, by concentric circles. Suppose there are 8 equal parts, 
= 4.2 
«0.1025 feet between consecutive rings. 
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Let /, re etc., be the radii of the successive annuli, ‘then 
Py => = 0.1025 feet. 
The initial velocity being radial and v, = 7, nearly, the time 


required to go from the inner circle to the next will be 


but in this time the point a, of the bucket will have gone for- 
ward a distance 


a,d,=poT,=027 feet 


= 


The radial velocity at the second are will 
Qx7p,— Nt+siny y Ay 

it 

— 


and so on through the wheel 
(I am indebted to Mr. F. D. ina assistant in Stevens In- 


stitute, for the computations in this paper.) 


Mr. A. F. Nagle—I am not able to follow Professor Wood 
through all the calculations involved in this analysis, but the 
close agreement between the computed and actual results prompts 
me to ask whether the designers of the wheel arrived at their pro- 
portions by the aid of such mathematical formulas, or whether 
their work was quite empirical ? 

In other words, was the theory made to fit the facts, or were 
the facts evolved from the theory ? 

Prof. De Volson Wood.*—In response to Mr. Nagle’s question, 
I would say that Mr. Francis, in his Lowell Hydraulic Experi- 
ments, states that he copied from Boyden’s wheels, that Boyden 
gave him very little theory. The writer learned, years ago, from 
private sources, that Mr. Boyden worked much on the theory, but 


* Author’s closure, under the Rules. 
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did not publish anything, so far as known. Boyden and Francis 
observed certain principles which are fundamental in the theory 
for securing good efficiency, such as making the terminal angle 


of the buckets (y.) as small as practicable ; also, a small terminal = 


angle of the guides (a); also, that for simplicity the initial angle 
of the buckets better be 90 degrees. The particular curvature 
of the crowns here found indicates that theory was not applied 
to it, and I have yet to learn what reason was assigned for curv- 
ing them at all. 

Certain things cannot be evolved from theory ; as, for instance, 
the particular values of the terminal angles of the guides and 
buckets, and the number of buckets. These are assumed in ac- 
cordance with general principles, The same process is observed 
in designing other motors. 

In this case there is furnished, as a motor, a wheel well 


-* and accurately made, which has been subjected to a careful test, 


and all the quantities involved have been accurately measured ; 
and the question is : Will theory evolve the facts not assumed ? and . 
what must be done to make the theory fit the facts? Every theo- 
retical formula applied to the solution of engineering problems 
coutains one or more constants which may be called “ the con- 
stants of circumstances.” These constants will be different for 
the same class of machines under different conditions. In the 
Tremont wheel these constants, representing prejudicial resist- 
ances, ought to be comparatively small, while for a roughly made 
cast wheel they would be much larger. The greater part of my 
paper consisted in finding these “constants” for this wheel, and 
the modifications due to streams of finite size, and it might 
with propriety have been entifled “ the determination of the con- 
stants in the theory of the Boyden wheel, and the modifications 
of theory when applied to finite streams.” It is not known that 
the stream filled the buckets throughout, but the conditions have | 
been sought which would cause them to be so filled, and at the 
same time give the observed speed and efficiency. The shaft fric- 
tion is not known, but Mr. Lehmann, from an analysis of experi- 
ments on 36 turbines varying from 1 to 500 horse-power, concluded 
that the mean value is about 2 per cent. Messimer gives from 2 
to 31.per cent. If it be 2 per cent., the hydraulic efficiency in 
this case would be 81.375 per cent. Comparing this with the sec- 
ond column of Table IT. shows that the prejudicial resistance, s:,, 
is less than 0.15 if 4, = 0.10. The analysis also shows that the 
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mean angle of discharge, y,, exceeds the vane angle, but no law 
is determined for its value. In this case the following values 
give the required quantities more accurately than those in 


= 0.13 
a == 


r,=40ft 


Q = 136 cu. ft. eS 


pat Pathe 


EY 


to make it unnecessary to sonnel the computation. 

Theory, when applied to wheels of high grade, is very strongly 
confirmed, if not absolutely established, by this investigation. 

Since the publication of this paper I have learned that the 
Tremont turbine, after having run continuously from about 1849 
to 1892, or for about forty-three years, was removed in the latter 
year to make place for one of larger power. Also that four other 
turbines of the same size, in the same vicinity, are being removed 
(1895), to be replaced by larger ones. 

Mr. Samuel Webber, a friend of Mr. Boyden, informs the pub- 
lic, through the columns of the American Machinist of July 25, 
1895, that Mr. Boyden spent months, if not years, in working 
out the theory of the turbine, before the first one was con- 
structed ; and that he was virtually the parent of many of the 
high-grade turbines of the present day. I append also a table 
of the results of experiment, in order to bring’ them before the 
members in close connection with the theory. 
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RESULTS OF EXPERIMENTS WITH 


o 


upon the 


one foot per 
et. 


gate, in inches. 
the wheel per second. 
pounds avoir- 
fe 
in feet. 


Number of revolutions of 
wheel, in 


Height of the regulating 


pois raised 
et per second. 


second. 
assed the weir, in cubic 


Useful effect, or the friction 
of the brake in 
Quantity of water which 


Number of the experiment. 
du 


Total fall actin 


e 


> Depth of water on the weir, 


sls 


1.30933 3845. 147.2942 
0.94507 J 140.4657 
0.89713 88% 139.6678 
1.78971 0. 2. q 162.3283 
0.88624 88820.5 138.2668 
0.78401 87947.8 188.0869 
0.74211 |. ; ‘ 187.7976 

185.1415 
134.7976 
133.7538 
132.0237 
188.6244 
188.4690 
188.1559 
143.3319 
137.7518 
137.0026 
135.0974 
183.3014 
131.9960 
180.8982 
121.9685 
118.5511 
114. 2599 
111.5197 
108.0452 
105.5341 
100.5410 
137.3618 
186.5469 
80.4534 
76.6213 
71.8750 
67.8158 
88.2210 
88.5699 
87.1733 


> 


ore 


4 
3 
8 
20 
99 4 
x 
‘6 
31 11.48 
32 
34 
35 ce 
37 
40 2 
45 FS 
46 
48 
50 
| 51 8.55 
53 
57 | 4 
59 
61 “6 
5.65 
72 
7 | 9.96 4a 
2.875 
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2 
@ 
y 8 


T, 
g on the 


, in feet per 
,in 


the power expended. 
y due to the fall act- 
g on the wheel 
ference of the wheel 


feet per second. 
ing the wheel, as indicated 38 


Direction of the water leay- 
by the vane. 


interior circumference of 
the wheel to the velocit 


due to the fall actin 


Ratio of the velocity of the 
wheel. 


in pounds avoirdupois raised 
Ratio of the useful effect to 
Velocity of the interior cir- 


Total power of the wate 
one foot per second. 


second. 


Velocit 


%.4 

cum 


122663.8 0.27187 28.4169 83.8553 
120174.8 0.43005 28.5287 30.9921 
116864.8 0.57199 28.6041 27.7653 
115667.0 0.66704 28.6939 25.1203 
114284.2 0.73475 28.7566 22.6859 
114150.8 0.75614 28.7946 21.1940 
112848.8 (),77442 28.7835 20.0409 
112582.3 0.78040 28.7902 19.3219 
112364.5 0.78384 28.8036 19.0243 
111859.4 0.78840 28.8047 18.7662 
111218.1 0.79375 28.8092 18.0474 
126960.2 0. 28.3999 87.9521 
111384.0 0.79294 . 17.7330 
111468.0 0.78903 16.6254 
111189.7 0.78340 15.7871 
109077.1 0.76978 18.6922 
109077.0 0.75277 12,7285 
108265.8 0.72499 . 11.2882 0.39071 
126034.8 0. 87.8168 1.33521 
112009.3 0.79104 : 17.6447 0.61126 
111832.0 0.78904 A 17.0827 0.59020 
111613.5 0.78723 86: 16.3058 0.56492 
111060.7 0.34589 81.4548 1.09802 
110917.6 0.67462 ; 24.2121 0.84023 
110664.7 0.72485 . 21.7272 0.75281 
109252.2 0.74975 87 19.7365 0.68344 
108082.5 0.76049 . 18.3511 0.63463 
107246.3 0.76260 17.0556 0.58022 
106366.6 0.75012 28. 15.0091 0.51848 
100194.6 0. 32.8262 0.87863 

96699.5 0.30046 28.6564 0.85216 

93904.9 0.56592 22.9997 0.818238 

92188.4 0.63703 k 19.5831 0.79628 

89707.1 0.65520 16.4306 0.76979 

87720.9 0.64127 14.5530 

84110.0 0.54757 29.3719 
110380.8 0.78100 28.7868 
109973.0 0.78350 28.8192 

66979.0 0. 29.3006 

64018.1 0.33204 29.3533 

60424.6 0.46314 29.4441 

57342.0 0.42661 29.5292 

33340.8 0.14993 29.9028 

33683.5 0.01176 30.0099 

32508. 0 0.24042 


7 
3 
7, 
|) 
37 
46 18 
58 10 
| 
12 
99 | 25 
147 | 25 
387 | 47 
% 47 | 30 
6 | 30 
144 | 56 
q 20 9 ee 
Wa { Ay 


"BEARINGS VOR BRIDGE SUPERSTRUCTURES. 


DCXXXIX.* 


EXPANSION BEARINGS FOR BRIDGE SUPERSTRUC- 
TURES. 


SECOND 


Y GEORGE 8. MORISON, NEW YORK CITY. ; 
(Member of the Society.) 
: In the paper on Expansion Bearings for Bridge Superstruc- 
tures, being DLXVL., presented at the New York meeting in 
December, 1893,+ I described the development of expansion 
bearings for bridges, and especially the development in my 
own practice, and closed with a description of the expansion 
bearing which I had adopted as a standard practice in all ordi- 
nary cases, simply varying the dimensions and number of 
rollers. 
Since then I have found it expedient to make certain possible 
_ modifications of this bearing. The bearing then described is 
-_-very high ; it requires, below the centre line of the chord, one- 
half the depth of a stiff chord, besides the depth of the Top Plate, 
of the Rocker Plate, of the Bearing Plate, of the rollers, and of 
the Rail Plate. This height can be materially reduced by substi- 
tuting for the Rocker Plate and the Top Plate a single steel cast- 
ing, which may be called a Pin Casting. The bottom bearing of 
the Pin Casting is finished to a cylindrical surface corresponding 
to the under side of the Rocker Plate, and the upper bearing is 
taken directly on the end pin of the truss. This arrangement is 
shown on the accompanying sketch (Fig. 206). The two rocking 
surfaces at right angles to each other are retained ; one of these 
is the cylindrical surface on the under side of the Pin Casting, 
and the other is on the pin itself.. The arrangement, there- 
fore, adapts itself to all irregularities of bearing as well as the 
standard with the Rocker Plate does. It is very much more 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
+ Transactions of the American aioe of Mechanical Engineers, vol. xv., 
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compact, as, in the small four-roller bearing shown in the 
sketch, it saves ten inches in height, and the saving would be 
greater under heavier spans. Where ample height can be had 
it has no advantages, and even has the disadvantage of making 
the bearing surfaces comparatively inaccessible. 

This modified bearing can be used where the end panel of the 
bottom chord is of eyebars, the Pin Casting taking the place 
of the usual bolster. If the standard bearing, as formerly 
described, is used under a bolster, the pin on which the bolster 
turns and the rocker plate make two rocking motions in the 
same plane, a condition which is necessarily unstable. All the 
older bridges have eyebars in the end panels of the bottom 
chords. This cannot now be considered good practice for 
through bridges, though it is, perhaps, all right for deck bridges. 

The arrangement now described adapts this system of bearing 
' to structures of this class. 

The objection has been raised to this form of bearing, that, 
while it works perfectly well under expansion and contraction, 
there is danger that the rollers will get out of place under per- — 
petual jar, and will then have to be reset. This objection is not 
really a serious one, and it applies with at least equal force to 
the ordinary round rollers, which not only get out of place, but 
become badly skewed. With the large segmental rollers, how- 
ever, this difficulty can be entirely obviated, a thing which it is 
difficult to do with round rollers. Some years ago Mr. C. O. Gleim, 
of Hamburg, adopted the expedient of toothing the middle roller, 


the pitch line of the tooth corresponding to the bearing surface of _ . 


the roller, this arrangement being mathematically correct, but 
having the disadvantage of requiring toothed side-plates on the 
upper and lower bearings, which would extend below and above 
the general surfaces and interfere with cleaning the rollers—an 
objection much less serious in Germany than along some of our 
dusty western rivers. Mr. C. C. Schneider, in his recent design 
for the Blackwell’s Island Bridge, adopts slotted bars attached - 
to each end of the central roller, and playing on pins in the upper 
and lower bearings—a device which seems good. 

I have worked out a simple arrangement, adapted to the bear- 
ings which have been described in my papers, in which the centre 


roller is toothed by fitting special steel plates into grooves planed 
on the axial line at each end, these plates projecting beyond the 


roller, and forming teeth which mesh into spaces cut in the rail 
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plates below and the bearing plates above. The illustration here- 
with shows the detail (Fig. 207). It is really a simple modification 
of Mr. Gleim’s plan. It will be observed that, as the whole tooth 
is beyond the rolling surface, it is beyond the theoretical pitch 
line; but with the limited amount of motion required this is not a 
serious defect, and a little play around this tooth will do no real 
harm. 


DISCUSSION. 


Mr. Gustavus C. Henning.—I should criticise the author's 
last arrangement, for the reason that a bar which is supposed to 
bear the entire strain of the bridge, which must be equal to the 


POSITION UNDER MAXIMUM MOTION SHOWN IN DOTTED LINES 


BEARING 
PLATE 


TOOTH PLATE 


Fia. 207. 


frictional resistance of these rollers on the bearing, is counter- 
acted by two little stud bolts, as shown there. Suppose these 
segmental pins are 10 inches high, then these bolts as drawn are 
hardly 1 inch in diameter. Now as this bar, which meshes into 
the plates above and below, is supposed to resist the entire fric- 
tional resistance between the plates and the rollers, under the 
jarring of the bridge, why, that plate should be held rigidly 
against the rollers with sufficient force to withstand that fric- 
tional resistance. If one of the rollers is toothed, why, then, of 
course, it is provided for ; but a simple little plate like that, held 
by two 1-inch bolts, will certainly be mashed, or the bolts will be 
sheared off, before the desired effect is obtained of preventing 
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the motion of the rollers either on the bed or on the bearing plate 
above the rollers. 

Mr. George S. Morison.*—Mr. Henning apparently misses the 
detail by which the tooth-plates are fitted into the rollers ; these 
plates are accurately fitted into grooves which extend the whole 
depth of the roller ; the frictional resistance is counteracted by the 
side bearings in the groove, and not by the two little stud bolts. 

" Author’ s clsoure, under the Rules. 
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A NEW SHAFT GOVERNOR 
orig BY E. J. ARMSTRONG, OSWEGO, N. Y. 
ede (Member of the Society.) 


+ 


PROBABLY the most essential qualification of a good governor 

is stability. A small drop in speed, under load, usually does no 

_ harm, but instability is a fault not to be tolerated ; to combine 
stability, sensitiveness, and close regulation, has always been a 


thy 


difficult problem. In the single-weight type of governor, orig- 
inally invented by our Past-President, Prof. John E. Sweet, and 
built by him and others for a number of years, the principle 
aimed at has been to employ a heavy fly-weight, revolving in the 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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A NEW SHAFT GOVERNOR. 


largest possible circle, and to reduce the inertia and friction of 
all connected parts to a minimum. So designed, the action of 
the governor is extremely quick, passing through its entire range 
in one-quarter of a second, when the full load is instantly thrown 
on or off. If not adjusted too close to isochronism, the stability 
is nearly perfect. Two per cent. drop between no load and five- 
eighths cut-off, equivalent to about one per cent. between no 
load and one-fourth cut-off, will, at 300 revolutions, give such a 
degree of stability that, with the load held steady by Prony 


ast 


4%, 


Fie. 209. 
brake, indicator cards traced continuously for ‘ minute, show 
lines only about one thirty-second of an inch wide at any point. 
Much closer adjustment is liable to develop a tendency to race, 
and is for that reason impracticable. This unavoidable drop, 
while very seldom being of any consequence in actual service, 
has sometimes been urged as an objection, perhaps by the other 
salesman, and it has seemed desirable to, at least, be able to give 
closer regulation. Being unwilling to secure a smaller drop in 
speed by any device which would affect stability, or in any way 
retard the quick response of the governor to a change in load, the 
writer devised and built a governor, in which a shifting weight 
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“was wailiiaet as shown in Figs. 208 to 210, SO or that 
for every position of the governor there would be a correspond- 
ing point of equilibrium for the shifting weight. If there is a 
certain drop in speed between the extreme outer and inner posi- 
tions of the governor (Figs. 208 and 209), the shifting weight and 
the curved chamber in which it rolls are so proportioned that its 
weight, transferred from one position to the other, will just bal- 
ance this drop, by changing the centre of gravity of the governor 
weight as a whole, and so maintain a uniform speed throughout 


A NEW SHAFT GOVERNOR. 


the governor range. To illustrate: isin an engine, running, 
say, 300 revolutions without load, and the governor weight in the 
position shown in Fig. 209, the shifting weight being in its outer 
position. Upon a heavy load, requiring three-quarter cut-off for 
its negotiation, being suddenly thrown on, the fly-weight will 
- immediately take the position shown in Fig. 210, and will drop to, 
say, 295 revolutions ; then the shifting weight, being out of equi- 
librium, rolls over into the position of Fig. 208, in which position 
its leverage upon the spring is reduced, and it must in conse- 
quence run 800 revolutions to again balance the spring. The 
shifting weight is simply a short, solid cylinder, and the curved 
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A NEW SHAFT 
chamber in which it rolls is filled with oil. Its fit in this cylin- 
der is sufficiently loose to permit the passage of oil past it, as it 
rolls from one position to another, thus acting as a dash-pot, to 
prevent its movements being rapid enough to interfere with the 
stability of the governor. The effect is to make the governor 
practically isochronous. Instantaneous changes of load are not 
usually of large amount, and therefore the error which the shift- 


eu 


ing weight has to correct each time issmall. If the loads change 
more gradually, the speed does not vary at all perceptibly, for the 
shifting weight corrects for each small change nearly as soon as 
made. It is entirely practicable to over-correct in this manner, 
and so produce a governor which will run considerably faster 
loaded than light. Just how far this can be carried the writer 
does not. know, but its capabilities in this direction are certainly 
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_ this way, and with the load slowly applied, the tachometer 
- needle steadily moves upward, precisely as with the ordinary 
governor it moves downward under the same conditions. 
A variation of the scheme, upon which the writer is at pres- 
ent experimenting, consists simply in the use of oil or other 
liquid, as the shifting weight ; this has the advantage of per- 
mitting a small weight to be shifted through a large range, 
which is quite desirable, and it is also somewhat simpler, 
though the device illustrated adds but one moving piece to the —_— 
Mr. Robert Allison.—In a pamphlet issued afew yearsagoby 
a prominent engine builder (a member of the Society) it was 
stated that the governor on his engine could be so adjusted that 
the engine would run faster loaded than light. When I saw the 
statement I did not place much credence in it, thinking it might 
possibly be designed merely to assist in the sale of the engine; 
but when I read Mr. Armstrong’s paper on a new shaft governor, 
and saw the same claim, that his governor could be arranged to 
run the engine faster loaded than light, I confess I was somewhat 
staggered in my views. Mr. Armstrong says: “It is entirely 
practicable to over-correct in this manner, and so produce a gov- 
ernor which will run considerably faster loaded than light.” I 
have given the subject of shaft governors considerable study dur- 
ing the past three years, and have patented a governor (Fig. 212) 
which I think has some good features, but I have always worked 
on the lines that there must be a percentage of loss in speed 
between no load and load, and that takes place in all governors 
which depend on centrifugal force for their action. I think it will 
be admitted that load has no effect on the governor except 
through a change in speed, and that the governor will adjust itself 
to the speed. Should the engine be running 300 revolutions the 
weights will take a position due to the centrifugal force, regardless 
of the load, and the weights will always take the same position at 
the same speed. The time required for the weights to adjust them- 
selves from one speed to another can be modified by the inter- 
position of dash-pots, springs, angular tracks for loose weights to 
travel in, and other means; but, all the same, the weights will 
finally adjust themselves to the speed, and it can hardly be ex- 
pected that because the load is light in the morning and heavy in 


beyond any probable requirements of practi 


the afternoon that the weights will adjust themselves so as b a 
give the increased quantity of steam required for the increased _ 
load, and the speed remain the same. I am open to conviction 
in this matter, and would be very glad indeed to have Mr. Arm- 
strong, or any other member, put this matter in such shape that 
I can understand why the governor weights should take one posi- 
tion to-day, with a speed of 300 revolutions, and another position 
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to-morrow, with the same speed. This brings us back to the 
proposition that there must be a percentage of lossin speed, in 
changing from light to load. This percentage can be reduced by 
various means, but if carried too far, the stability may be affected. _ 
I hope I have made my position clear in this matter, and if I am 
wrong I may be set right. 


In connection with my governor, which loses in speed when the — % 


load goes on, which I claim must be the case with every governor 
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made that depends on centrifugal force for its ane if anybody _ 
here is interested in a governor that will not increase in speed as _ 
the load increases, this is the governor that will suit him. The _ 
flying weights and springs are mounted on differential levers, with 4 
knife-edged bearings, thus reducing the friction to the minimum; __ 
the weights act directly on the sliding bar and pin, which gives 
motion to the slide valve ; the elongation of the springs in action 
is adjusted by shifting the spring connection on the levers ; moving © 
toward end of lever lessens the elongation, and moving toward — 
fulcrum increases the elongation. The tension of the springsis __ 
regulated by the right and left hand screws in the ends of springs, = = = 
and can be adjusted to any speed or work to be done. The 
movement of the* sliding bar is controlled by dash-pots, which | 
prevent a too sudden movement of the bar, and prevent the _ 
annoying see-saw movement found in many engines of this class. aos ; 
Another important feature is the provision for changing the lead — 

on the slide valve. By slacking two nuts the whole governor can 

be moved backward or forward, thus giving more or less lead to 

the valve, making it possible to adjust the valve in a few seconds a x 

to the most advantageous point. ; 

The regulation and uniformity of motion by this governor are all . ae 
that can be desired, the actual variation in speed, from noloadto 
full load, being less than 1} per cent. Me 

I am not here to claim that the engine will run faster loaded 
than light with this governor. I will just state further, that, since 
writing this criticism on Mr. Armstrong’s governor, I have been 
informed that there are several engines in Detroit that run faster — 
with the load on than with the load off. I think this is rather a 
reckless statement; but still it may be so. 

Prof. John E. Sweet.—I am afraid, if we open this governor 
question, we shall not get through to-day. I want to say, in regard 
to Mr. Armstrong’ s device, that the worst thing about it is that it — 
works, He is entitled to a good deal of credit for the simplicity seh 
with which he has accomplished that thing, if it is at all desirable. — . 

I question the desirability of it, because, as he states the case, it - 
runs at 300 revolutions, and when he puts on a load his engine falls t: se iy 
to 295, and again speeds up. The question is, whether we would — 
rather it would fall off to 295 and go up to 300 than to fall off to 298 

and ‘stay there? There is another consideration of the question — 
that has occurred to me—that we all of us have been working on 
the wrong line.. If an engine is running 300 revolutions, and we 
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A. NEW SHAFT GOVERNOR 
put on a load and bring it down to 298, we have all wanted the 
governor to get there as quickly as it possibly could. Now that is 
- not what we want to do at all. It should be the longest possible 
time in getting down to 298; in fact, we would rather it would 
never get there at all. 
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Basi SHOWING LONG RADIAL RANGE. toatl boron 

. Mr. John A. Brashear.—I think that is the case with Mr. Sweet’s 
straight-line engine and governor, which I think is the best engine 


ee in the world. I believe I did detect a difference of 1 revolution in 
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SHOWING MEDIUM RADIAL RANGE. 
210, between throwing on a heavy dynamo which put on 5 horse- ; 
power and a lot of other machinery. In fact, I don’t think I want 


anything better than that governor. 
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Mr. Ezra Faweett.—In a shaft governor combining stability, 
sensitiveness, and close regulation, the governor weights should 
pass through as short radial range as consistent with their inner 
and outer working position. In practice with long range (Fig. 213) 
and short radial range of governor weights (Fig. 215), the short 
or medium range fulfils the requirements more satisfactorily, with 
close regulation of less than 1 per cent., and the tendency to 
racing reduced to minimum. 

The stability and quick action of the single-weight shaft gov- 
ernor (Fig. 214), by Prof. J. E. Sweet, in the paper, is due to its 
simplicity, medium short radial range, and balance of eccentric 


SHOWING SHORT RADIAL RANGE. eer Hy 
and its connections. As to the author’s further experiments with 
his shifting weight, within the governor weight proper, I hope he 
will present the results to this Society at an early date. 

Mr. E. J. Armstrong.*—This paper was written to bring to 
notice a device for obtaining isochronous governing, and not to ad- 
vocate its use; indeed, the remark is made that “ the unavoidable 
drop of the ordinary governor is seldom of any consequence in act- 
ual practice.” Many designers have thought otherwise, and have 
brought out more or less complicated devices to secure the same 
speed at all loads ; hence it was thought that the accomplishment 
of this purpose by the use of a single additional piece might be of 
interest. Professor Sweet says it would be better not to drop to 
295 and then come back to 300, but to go down to 298 and stay: 
there, which is all right, only it happens : 


vag 


* Author’s closure, under the Rules. 
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First. That nobody builds a governor which only lets the 
engine slow up 2 revolutions upon throwing a three-quarter cut- 
off load on instantly ; indeed, it is hard to prevent it dropping 10 
sy (co for the instant; and aside from this momentary fluc- 
 tuation, if any one, without special devices, governs closer than 
_ 6 revolutions for the total governor range, the writer is not aware 
it. 

Second. This device does not interfere in the least with the 
usual action of the governor, so far as causing it to drop off more 
oar" concerned ; and 

es = Third. Tf the load is applied slowly, as is usual in most work, 

Avie - the speed does not change at all perceptibly, for each small 
_ change is corrected nearly as soon as made. 

The writer must take issue with Professor Sweet when he says 
we don’t want to govern quickly. The principal reason his gov- 
a - ernor is better than a good many others is because it is quicker, 
ee and if it were twice as quick, it would stand sudden changes of 
-_ Joad still better. The proof is the momentary fluctuation. Small 

ee _ changes of load are no test. Throwing 125 horse-power instan- 
taneously off and on a 100-horse-power engine tells the story, 
with the aid of a good tachometer. 

Mr. Allison questions whether a governor can be made to run 
faster loaded than light ; this has been accomplished by so many 
_ different persons, and in so many different ways, that it hardly 
needs an argument. He mentions the position of the weight as 

_ depending on the speed, and, reasoning in that way, is unable to 
see how it can take different positions at the same speed; the 
- position of the weight really depends on the load, for the weight 
goes where it will admit steam enough to carry the load, and the 
speed i is that necessary to enable the weight, while in this posi- 
— tion, to balance the spring. Now, if one could get at the gov- 
_ ernor weight while running, and take out or put in some weight, 
ss no one will question that the speed would become faster or slower, 
as the case — be, and that, in effect, is what this device does. 
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THE STRENGTH OF IRON AS AFFECTED BY TEN. 
SILE STRESS WHILE HOT. 


: (Member of the Society.) nin, 
In order to determine the effect of subjecting iron to a stress 
while hot, I had twelve specimens of good iron prepared for the 
testing machine by making the middle portion for about five 
inches cylindrical, and 0.770 inches in diameter. Two of these 
were broken cold, to determine the strength in its normal con- 
dition, the mean value of which was 50,500 pounds per square © 
inch. Six of the others were heated in a forge to a dull red — 
heat, and at once subjected to a pull of 4,200 pounds, being one- 
fifth the strength indicated by the first two specimens, and the 
stress remained uniform for fifteen minutes, after which they 
were removed from the machine and allowed to cool, some in © 
water and others in air. It is not apparent that the manner of | 
cooling made any difference in the ultimate strength. The six — 
pieces gave the following results : 3 
Maximum strength 


Minimum 
“ec 


Four specimens were heated in a similar manner, though 
some of them were made somewhat hotter, and subjected toa 
uniform stress of 5,700 pounds, being about one-quarter the 
strength indicated by the two first specimens, and the stress con- _ 
tinued for about fifteen minutes. They were afterwards broken __ 
cold, with the following results : 


= 


The mean results indicate that there is a slight diminution of 
strength by stretching iron when hot, but if the stress does not 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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exceed one-quarter of the ultimate strength, the loss of strength 
is scarcely more than 1} per cent. The accompanying table 
indicates that unless there be a perceptible elongation while 
hot, the specimen is not weakened by the treatment. Thus, one 
specimen elongated (0.23 of an inch for a length of five inches, 
under a stress of 5,700 pounds; another 0.28 of an inch for the 
same length, under a stress of 4,200 pounds, and still another 
0.32 of an inch, for the same length and stress as the former 
ones; and these were the only specimens which broke at less than 
50,000 pounds per square inch. It is probable that these were 
hotter than the others when the stress was applied, as the eye 
was the only guide for determining the degree of heat. 
Mr. Gustavus C. Henning.—It seems to me that the conclusions 
of this paper might have been anticipated in advance of the 


+ experiments. It was certainly to be expected that when the 


section of a bar of iron, while hot, is reduced, that it cannot carry 
as great a load as when larger, before reduction, and such re- 
duction of strength is proportionate to the reduction in size. In 
other words, a large bar is stronger than a small one. 

In test 3738, the test piece is reduced 4.6 per cent. while hot; 
then, after cooling, the strength is reduced 4.4 per cent. 

In test 3740, the test piece is reduced 56 per cent. while red 
hot; then, when tested cold, it shows 5.5 per cent. less strength 
than before. 

In test 3745, the test piece is reduced 6.4 per cent. while red hot, 
_ and we find the.cold test shows 5.1 per cent. less strength. 

Taking the actual strength of the iron as 50,500 pounds, as 
given, page 739, then these test pieces, 3738, 3740, and 3745, after 
heating, stretching, and cooling, should have shown tenacities re- 
duced by 4.6 per cent., 5.6 per cent., and 6.4 per cent., or 48,177 
pounds, 47,672 pounds, and 46,268 pounds; but they actually 
showed 48,290 pounds, 47,720 pounds, and 47,970 pounds tenacity, 
which are such slight differences as to be negligible. 

Now, when we consider that the temperature was guessed at, and 
that the error of observation in the testing machine and of meas- 
urements might have been each at least 4 per cent., and that the 
individual machines might vary more than 1 per cent., it will be 
at once apparent that we don’t know any more about iron now, 
after these tests were made, than we did some thirty years ago. 
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rol dost OLD AND THE NEW. 
BY ROBERT ALLISON, PORT CARBON, PENN. th 16° SEM 
aie (Member of the Society.) 

#15 

_ AT a reunion held at the house in New York of the American 
Society of Mechanical Engineers, in April, 1893, one of the 
speakerst made some remarks in reply to the presentation to 
the Society of a portrait of the late Mr. Harrison of locomotive 
fame. In his remarks he stated that the mechanics who con- 
structed the first locomotives, with the tools and appliances 
then available, deserved more credit than the mechanics who 
build the splendid machines of the present day. Having this _ 
in mind, I thought it might interest some of the younger mem- 
bers of the Society to learn of the difficulties and trials of the 
old-time machinists, of which the writer was one. 

It is now about fifty-one years since I first entered a machine 
shop as an apprentice, in 1844, my first experience being in the 
shops of Haywood & Snyder, at Pottsville, Penn. The shops were 
considered as well equipped as any in the interior of the State ; 
there were two or three slide lathes (not screw cutting) in the 
shop, but most of the turned work was done with the slide rest, © 
and all the small turning was done with hand tools. There was 


one planing machine in the shop, the table being pulled back © q 


and forth with a common one-half-inch chain. I recollect that 
this chain would break frequently, sometimes two or three times 
a day, so a number of open links were kept on hand to make quick 
repairs. The cross feed was automatic; all other feed directions 
were by hand. Those of you who have had any experience ina 
modern shop will appreciate the difference between those crude 
machines and the machines now in use. 

The work done in the shops was principally steam engines, 


.* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
+Mr. J. F. Holloway, of New York, ex-president, received in the name of the 
Society the oil portrait of Mr. Joseph Harrison, the gift to the Society from his 

widow, through the influence of his nephew, Mr. Henry Harrison Suplee. 
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and, notwithstanding the poor facilities, many good e1 engines were mgt 
turned out, some of which are in use to-day. | 

After working in the Pottsville shops about one year, I was 
sent to Danville, to the branch shops in that place, my masters 
having taken the contract to make the machinery for the Mon- 
tour Rolling Mills, the first mills in the United States to make 
“T” rails. The mills were constructed under the supervision 
of Mr. Henry Brevoort—some of you may remember him, as he 
was located in New York after leaving the Montour Mills. I 
shall always have pleasant recollections of Mr. Brevoort, as he 
took special interest in me and my work, and would frequently 
insist on certain pieces of work being placed in my hands for 
execution ; for, while I was only an apprentice, he thought that 
I did better than some journeymen. 

The shop was equipped with two large lathes, thirty-six-inch 
swing, mounted on heavy wooden shears, and the turning was 
done with heavy slide rests ; there were also three smaller lathes 
on wooden shears, with slide rests ; and two hand lathes, operated 
exclusively with hand tools; also one drill press and one screw- 
cutting machine—this constituted the whole plant. 

The whole of the rolling mills proper were built in this shop, 
the engines being built in the Pottsville shops. In the early 
days of rolling mills, you remember, the engines were made 
long stroke, usually six feet, and the rolls were driven with gearing 
so as to get up the proper speed, the piston speed of the engines 
being about three hundred feet, the gear wheels being large in 
diameter ; there were no facilities for boring the hubs, and they 
had to be keyed on the shaft with six or eight keys. This neces- 
sitated much chipping of key seats. 

Shafts were all made of cast iron of large diameter, with bosses 
in proper places for wheels; the bosses were turned off, and then 
eight flat places were chipped and filed true for keys, the wheel 
hubs were cored out about one and one-half inches larger than 
the shafts, and eight key seats cut of proper width and taper, 
according to the size of the shaft; then the wheel was staked on 
the shaft with four short wedges on each side, leaving four of the 
key seats clear. It required considerable skill to get the wheels 
true on the shafts, and but few were able to make a good job. 
After the wheels were staked on true, four of the keys were 
fitted and driven home, the stake wedges removed, and the other 
four - fitted. Large cranks were fitted to shafts in the same 
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way.. The whole operation required a great deal of skill, and 
unless a man was an expert chipper and filer he would make 
very slow progress. The turning of large shafts was slow and 
tedious; the writer remembers having a cast-iron shaft ten 
inches diameter and about ten feet long being given to him to 
turn on a hand lathe, with hand tools, the slide rests all being 
in use, the tools used being hook tools, “V” and round nose, 
button and spike heads. Just imagine the feelings of a machinist 
of the present day if confronted with a job of that kind! I also 
remember another job that almost made me sick : this was forty 
set-screws, oné and three-quarters inches diameter, about four 
inches long; the iron was seamy and hard, they had to be turned 
from point to head and thread chased the whole length. You 
can hardly imagine the condition of mind I was in by the time I 
finished the last screw ; and I think that if there had been about 
five more in the lot, the country would have been obliged to get 
along without my services as a machinist, as I would have quit 
the business in disgust. 

The chasing of screws by hand was one of the things we all 
had to learn. Starting the thread properly required considerable 
skill; drunken threads were rather common, and subjected the 
producers to considerable ridicule in the shop. All plane surfaces 
had to be chipped and filed, no matter what size, and good chip- 
pers were xlways in demand. Engine guides were made round 
because shops had no planers to plane them if made flat; and 
when the first flat guides were made, they had to be chipped and 
filed ; connecting-rod stubs were fitted the same way. Notwith- 
standing all these drawbacks, very good work was turned out, 
some of which will compare favorably with the work of the 
present day. We still have some old fogy machinists who claim 
that the work of the present day does not compare with old-time 
work, when accuracy and finish depended on the skill of the 
workman rather than on the accuracy and automatic operation 
of modern machinists’ tools. The writer has had considerable 
experience in old-time methods and with modern tools, and has 
no hesitancy in saying that the work of the present day is far 
superior to what was turned out by the old methods; but, as Mr. 
Holloway said in his remarks, the wonder is how such good 
work was turned out with the limited appliances at hand, and 
the mechanics of fifty years ago deserve more credit for their 
productions than those ofthe present day, 
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It may interest some of you to have a short account of how 
a steam engine was produced fifty years ago in the shops where 
the writer learned his trade. First a large drawing-board was 


. prepared, large enough to make a plan and side elevation, full 


size. Engines all being made very long stroke, the drawing- 
boards were quite large; an engine of fourteen inches diame- 
ter, forty-eight inches stroke, taking a board about six by twenty 


: feet. The engine was plotted down, lines chalked and leaded ; 


patterns were then made to correspond to the drawings, castings 
were made and fitted, but connecting-rod, piston-rod, valve-rods, 
etc., were left till the cylinder, guides, and pillow-block were 
fitted on bed-plate. Measurements were then taken for the dif- 
ferent rods, and the rods made the proper length to fit. No two 


engines were exactly alike; variations in shrinkage and fitting 


were adjusted in the length of the rods. Generally, after the 
first engine was made, the drawings were planed out, so that the 


i drawing-board could be used for another size. This destroyed 


the record of sizes, but as all rods were measured for each par- 
ticular engine, this did not interrupt the work of construction. I 


; need not refer to the present methods in this line, as you are all 


familiar with them. To-day almost every part of an engine, or 
other machine, could be made in‘ different shops, widely sepa- 
rated, and then assembled into a complete machine without a 


hitch. This would have been impossible under the old plan. 


Taking all the disadvantages into consideration, the wonder is 


that the mechanics of fifty years ago could turn out as good 
machines as they did. 

President Davis, of the Society, remembering the equipment 
of the Haywood & Snyder shops when he took charge of them, 
might contribute some interesting material; but at that time 
they were much improved over what they were when the writer 
served his apprenticeship in them. I trust he may be able to 
add something of interest to what I have said on this subject. 
We would be glad also to hear from those who labored in other 

Mr. Samuel Webber.—When I first went to Lowell, in 1841, I 
made the acquaintance of old John Dummer, who had built all 
the wooden water-wheels then in use there, and who came from 
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the family from which “ Dummer Academy,” at Byfield, Mass., 
was named. Afterward, in 1847, I worked a year under Captain 
Phinehas Stevens, who built the “ Bay State Mills” at Lawrence, 
Mass., and put in the last large “ breast-wheels ” used in New — 
England, so far as I know. The old Masonic emblems of the 
“level, square, and compass” were the principal apparatus used, 
and the “broad-axe’”’ was one of the most familiar and useful 
tools. The old “ surveyor’s compass ” was used in laying out the 
ground, and the “level” was practically as good then as now. 
“Lathes” for turning wooden columns, shafts, etc., had long 
timber beds, and were often set up in a:convenient sawmill, and 
the tool, held in both hands, had a long wooden handle which 
would reach back under the arm. Large curved work was usu- 
ally “ ser/bed out” on the attic floor of the carpenter’s shop, and 
the “cooper’s adze” and “draw-knife” were also important 
tools in working out these curves. Water-wheel shafts were usu- 
ally made of wood with cast-iron “ gudgeons,” and cast-iron in 
short lengths was generally used for shafts. These were usually 
square, but I remember when the late E. A. Straw, of Manches- 
ter, N. H., who had been sent to England to examine mechani- _ 
cal matters, came home and fitted up one of the “Stark Mills,” _ 
in Manchester, with hollow cast-iron shafts which were round. _ 
These were afterward taken out and solid wrought-iron shafts 
put in their place, which gave the mill an enormous load of 
unnecessary dead weight. 

Mr. Straw had been brought up by Mr. Boyden, of turbine 
celebrity, and had commenced engineering on the Nashua and 
Lowell Railroad. 

The large pulleys of those,days were all made of wood, on 
cast-iron hubs and spiders, a form to which we are now returning. 

Leather belts were made on the spot as wanted. There was 
no such thing as a ready-made belt in the market. All the mills 
and shops bought their leather from the tanners, by the side, and 
each establishment had its “ belt-shop,” where the hides were 
cut up and stretched, and afterward the edges “trued,” and 
cemented, stitched, or “pegged” together, wooden shoe-pegs 
being often used for this purpose. Machine tools were few to 
those of the present day. The iron planer had just been intro- 
duced, and the engine lathe was still a novelty The first tool I 
ever worked on had V ways, which had been chipped by hand, __ 
and “draw-filed” toastraight-edge! 
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_ by animal muscle applied to levers, or ropes and pulleys. 


- _ planked on the upper side, and loaded with gravel, and were a 


- When turbines came into use, the feeders were often made 


Donkey engines were unknown, and all heavy lifting was done 
Dams were usually built of timber, filled in with rough stone, 


prominent feature in the work of the millwright, as were also the 
flumes or feeders for conveying the water to the wheels, which 
were square, and made of planks “keyed up” in timber frames. 

Large pipe, either of cast or wrought iron, was unknown. 


round, of wooden staves, hooped with iron, like a barrel. 

Mr. William E. Worthen.—It is my impression that not only 
the “large pulleys were built on cast-iron spiders,” but that all 
pulleys were built up in this way in the early days, making a 
drum of uniform diameter for nearly the whole length of shaft, 
and that the shafts were of cast-iron; and even if of wrought 
iron, nothing was turned except the journals. There was an ad- 
vantage in these long drums, that the machines which they drove 
could be readily shifted laterally and larger drums could be 
readily constructed om them by board laggings when necessary 
for a change speed on the machines. The ends of these drums 
were closed to prevent dust from getting into the central space, 
and these ends were painted a dark green, which was a favorite 
color for the frames of machines, which were at that time inva- 
riably of wood, usually ash. All machinery of the Lowell Manu- 
facturing Company was made after the designs of Paul Moody, 
at Waltham originally, afterward at Lowell, and no change was 
allowed to be made by any one except with hisapproval. At the 
shop there were foremen of the different rooms appropriated 
to the different machines, to whom the work was let by con- 
tract. 

The machine-shop furnished, set up, and started the machin- 
ery of the mills. The superintendents of the mills were not 
mechanics or manufacturers. The machine-shop furnished 
machines and was responsible for their working. No altera- 
tion was allowed, and the superintendent had charge of the 
work-people. They compared the results of the same class of 
work in the different rooms of their own and other mills, took 
charge of the boarding-house keepers and the morals of the 
operators. Under these regulations the mills were a success; 
but in 1831 Mr. Moody died. There were now many other cot- 
ton mills in operation and throughout the country, and soon the 
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directors of the companies were alive to the new ideas, that 
there were other machines than their own, and which were 
improvements in the quantity or quality of the products. 

[ recollect when the first Whitworth planer was introduced 
at the machine-shop, and went to see it at work, and could 
appreciate the amount of chipping that it would save. Early in 
the forties, the Lowell Manufacturing Company took a contract 
of the Reading Railroad for the construction of freight cars, of 
which the pedestals were made of a single plate of wrought iron 
and the jaws punched out by a hydraulic press. 

George W. Whistler came to supply Mr. Moody’s place, and 
locomotives were undertaken at the shop, and I had the advan- 
tage of seeing the great trouble and trials in working out new 
designs much larger than the English ones. 

Colonel Webber refers to old John Dummer—he was about 
fifty at the time. Asa millwright, he was the best I ever knew. 
His designs were good; he took charge of his work personally, 
never talked but little to his men; in fact, never to any one 
unless it was necessary, and his work was joiner work. He — 
would never loan on interest, as he called it usury. 

He built the first wheels at Lowell in 1822, and none of them 
were, I think, ever renewed. The entire fall was at first thirty 
feet, which was used as a whole at the Merrimac Mills, but at 
the other mills in divided falls of seventeen and thirteen feet, as 
the power could be thus distributed, and sales of real estate 
extended. The wheels were of one type, wooden breast-wheels © 
with cast-iron shaft, in two pieces, coupled together at the cen- 
tre, by a socketed hub; on the journal ends there were large 
flanges with sockets. Three sets of arms were fitted to these 
sockets, and braced from the ends to the central arm. The 
gates were horizontal, sliding over apertures leading vertically 
down to centre of the buckets, usually in three tiers, the lower 
one being detached except in cases of low water. 

Mr. Dummer continued to build these wheels till the intro- 
duction of Boyden’s turbines, and, although the first ones had 
wooden flumes, he never took kindly to them or had much con- 
fidence in the results, and gave up his business as a millwright 
and removed into the country. 

As the construction of turbines with the precision required 
by Boyden was then beyond the capacity of most of the mechan- 
ics of that time, Mr. Boyden attended to it personally, = 


2 

‘ 

: 

~ 


. 


In testing the wheel every observation was s made indepen- 
dently by two parties, nor was there any connection between 
other parties of the test, those at the weir with those at the 
wheel, and Mr. Boyden made separate observations of his own, 
with the notes of continuous observations. Thus complete, the 
percentage of effects at different speeds and openings of gate 
could be readily separated and calculated. 

Mr. Boyden came of a remarkable family, strong generally, 
physically and mentally, of which Seth Boyden was another. 
In addition to his mental activity, he had wonderful persist- 
ence ; without anything but a common school education, he 
made his calculations and design with confidence, and the 
results were what was looked for, but not in money to him. 

In his design and construction of the turbines.for the Atlantic 
Mills, of Lawrence, Mass., there was so much delay in construc- 
tion that the company could not afford them for as long a test 
as he wished, and to determine the percentage of effect, which 
was a factor in his remuneration, a commission was appointed of 
Judge Parker, Prof. Benjamin Peirce, and Mr. James B. Francis, 
who returned a verdict of considerable over ninety percent. The 
factors of the calculation were head of water, speed of wheel, 
drawings of guides and wheel, and velocity of issue with its 
direction, that is as far as I recollect. Mr. Boyden made his 
calculation by arithmetic approximations, but, as Mr. Francis 
told me, Professor Peirce said that the results were correct, but 
showed that the work of months by Mr. Boyden, with his usual 
checks by different calculators, could have been resolved in 
minutes by use of calculus. 

At the Nashua Mills he persisted for months to find out the 
reason for the smaller percentage than what he expected, keep- 
ing his assistants at work during mill hours in the week and 
also on Sundays, and to their remonstrance that it had got to 
be monotonous, changed the dinner time of Sunday from half 
past twelve to one P.M. 

He found the why—it was the reduction of the depth of the 
guides about two inches. 

It has been a pleasure for me to look back and see what I 
could recollect, but if it were like a civil service examination 
I could answer interrogatories better. 

Mr. Olin Scott—The millwright of fifty years ago was the me- 
chanical evolution of the preceding ages from the times of Archi- 
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medes, and was supposed to know everything pertaining to 
machinery and mills, from a watch movement to a fifty-foot over- 
shot water-wheel. 

Before describing anything pertaining to the methods and 
apparatus in use by millwrights in the past, it may be well to 
call attention to some of the methods and apparatus which we 
did not have at the time I first began working at millwrighting 
fifty years ago. 

At that time therewere only three or four short railways in 
the country, and those amounted to very little as a means for 
doing business. Steamboats were the “ne plus ultra” of human 
achievement at that time. Just imagine this country to-day 
without its railways. At thai time there were very few steam 
engines on land, and those used wood for fuel. I travelled a long 
distance to see the only one running, in a city of thirty thousand 
inhabitants in the State of New York. The telegraph was un- 
known. The planing machine for planing and matching boards, 
known as the Woodworth planer, was not in general use ; and 
the Daniels planer, for planing timber straight and true, was 
only found in a few establishments, and the same may:be said of 
the iron planer now used in every machine shop. The band saw 
was unknown, and the circular-saw for sawing lumber was in 
but a few mills in the country. Many of the tools in the mill- 
wright’s tool-chest were of the antiquated English style. No 
ready-made shafting or pulleys were kept on hand. Ready- 
made belts, crudely made, were just coming into use, and many 
belts were home-made. Rubber belting and other rubber goods 
were unknown. 

No ready-made bolts or lag-screws were to be had. The 
blacksmith made all bolts, and cut the threads by hand, making 
them cost fifteen to eighteen cents per pound, and of inferior iron 
and workmanship ; so that a good millwright, who then worked 
for $1.25 to $1.50 per day, would work a whole day to make 
some wooden device to save six or eight pounds of bolts 

Nearly all machinery was driven by water-power, and all good 
mills used the overshot or breast wheels, except sawmills hav- 
ing the old-style vertically reciprocating saws, some of which 
used “reaction” wheels, and very few wheels of 100 snssciny tg 
were to be found. 

The largest and most powerful wheel in the country at that 
time was an overshot wheel sixty-two feet diameter, at the Bur- 
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den Iron Works, at Troy, N. Y. At about the time mentioned, 


_ the first turbine wheels for heavy work were put in the cotton 


mills at Lowell, Mass. They were of the Fourneyron type, and 
gave good results ; but the cost of such wheels placed them be- 
yond the reach of most mills in the country for many years, so 
the old millwright was left to plod along in his old way for some 
years, building overshot and breast wheels, with wood shafts, 
having cast iron “gudgeons” for bearings, which wheels most 
of the mill-owners believed could not be equalled for efficiency, 


_to say nothing of being superseded by the “ new-fangled” iron 


wheels, as they were called. 


In those days, if a water-power was to be developed, the mill- 


< 4 wright was the man who engineered the building of the dam, 
races, flumes, and wheel-pits; determined the size of water- 
_ wheels required, designed the buildings, located the machinery, 


and arranged the shafting and gearing, also determined the sizes 


of the gears, shafts, pulleys, and belts to transmit the power to 


the several machines. 


Large pulleys of six feet diameter or more were little used, 


and were mostly made of wood by the millwright, and large belts 
such as now universally used were not made, cast-iron gears and 


frequently cast-iron shafting being used for heavy transmissions 
of power. Mortise gears for wood teeth were occasionally 


- found, but could be made by only a few shops in the country, 
_ and the rough iron pinions which worked with the mortise gears 


— were fitted with cogs of no particular form, some of which were 
short-lived noisy affairs, while others would run well a long 


time. Many mortise gears were made by millwrights entirely 
of wood. I was once the owner of a grist-mill, which was fitted 


to grind feed (from corn in the ear), corn meal, buckwheat flour, 


and wheat flour, the mill having, in addition to the mill-stones, 
the usual outfit of elevators, “smutter,” hulling machine, con- 


_veyor, Boults reels, corn cracker, and hoisting rig to take grain 


from a wagon at the door; and the only belts in the mill were the 
canvas belts in the elevators and conveyor, to which the cups 


vi were attached, and one leather belt to drive the smutter, for 
Cleaning the wheat, and the mill ran many years in that shape 
before I owned it. 


The great amount of experience or practice necessary to qualify 
a man to be a successful millwright required a large portion of 


a lifetime, and when we look about us to-day and see how the 
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field of mechanical knowledge has enlarged from a little garden 
patch to a boundless prairie, and each branch has become a 


separate department of work more or less scientific incharacter, _ 


and requiring and employing men of the highest ability, we can. E 
realize that the progress has been simply enormous. 


There is considerable knowledge worth saving from the old > a : 


millwright practice, which is indispensable to the man doing 
such work to-day, and I am reminded that few young men are 
now learning the business, while the demand for practical and 
reliable millwrights is increasing every day, and I have been 
puzzled to explain or to understand why our Society of Mechan- 
ical Engineers have so completely ignored the subject. While a 
large part of the motive power which is moving the machinery 
of the world, and which is now being largely used to generate 


electricity, is water power, it seems strange that so great part of | = 


the time and efforts of every one should be devoted to steam 
power development and so little to water power, which I think 
is of equal importance. 


Mr. Ezra Fawcett.—The paper just read brings up memory’s a 


retrospect as a passing dream, though I cannot go much back of © 


the fifties. Well do I remember, as one of the sensations of the ‘ ; 
day, the first direct-acting, high-speed sawmill engine built by _ 


that venerable millwright and pioneer of The Buckeye Engine 
Company, Mr. Thomas Sharp, of Salem, Ohio, now over eighty-six. 
When I was an apprentice, we simply had parts and plans on a pop- 


lar board, roughly pencilled and chalked in, as stated in the paper; _ 3 


nothing like details and dimensions, with elaborate blue prints, as 
to-day. I often asked the manager of the works for some in- 
structions in draughting, and was as often evasively put off. In 
conversation with our past-president, J. F. Holloway, about this 
same question, he made the remark: “Perhaps he did not know 
much more about draughting than you did.” In a later conver- 
sation, relative to his address, “The Chalk Age of Mechanical 
Engineering,” delivered at Sibley College, Cornell University, I 
asked Mr. Holloway the question, How it was that he had so 
minutely described my early experiences of mechanical engineer- 
ing? He replied something like this: “All old-timers went through 
about the same channel.” In looking back to the past, “the old,” 
and viewing the crude tools and appliances used in that early day, 
it is wonderful the efficiency which they developed then; the 
development of the electric generator and motor is marvellous 
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from a onal eee toy to the present ones, requiring hundreds 
of horse-power for lighting and power transmission, and swiftly 
driving the electric car. Little did Davenport and Professor 
Page realize the embryo they planted in their battery motor car, 
or Professor Pacinotti, in his self-exciting dynamo, the possibili- 
ties of the vast generators of to-day. 

Mr. Olin Scott, in his well-timed remarks relative to our Society, 
bearing on the subject of the “millwright,” or, as he would be 
termed to-day, “the erecting or installing engineer,” makes a good 
point. The sphere of his usefulness is as great, if not greater, 
to-day, as the units of power transmission have so largely in- 
creased, requiring more special knowledge of mechanical engineer- 
ing than at any time in the past; and I can call to mind many 
failures for the want of the trained “ millwright” engineer. The 
young man of to-day who has the proper development, force of 
character, and ability, has a large field of useful opportunities 
before him. 

Mr. A. F. Nagle.—I cannot claim the honor of belonging to a 
generation of men who did the pioneer work in our machine-shops 
in the early forties, but I can speak of ’61. 

I rarely witness the operation of the fine tools now used in our 
machine-shops without being reminded of the tools which we had 
at the beginning of the war. Large planers were scarcely in 
use, and, instead, there would be improvised a set of guides, or 
slides, bolted to the large castings, and a cross-head, holding a 
cutter-head, would be run back and forth by the bed-plate of a 


. 


planer. 
I remember well a large double-crank marine-engine shaft, be- ne: 4 
longing to the U. 8. S. Onetda, being made in the old Fulton Iron ee hog 
Works, New York city. After being turned as.nearly trueasthe 
tools permitted, it was subjected to tests with straight-edges per. 
and calipers, and the crank-pins would be chipped and filed to Ret 
greater accuracy than the lathe made possible. A sort of sizer a ae 
would be run over the cranks while the shaft revolved in its bear- Me 


ings. 

When thus completed, it was really a very handsome crank-pin. 
But compare that slow and laborious process with the one now 
pursued, and then ask which is really the greater wonder, the old 
or the new. 

Mr. George I. Rockwood.—The reference made by Mr. Scott to 
_ the lack of attention paid by trained — hitherto to the de- 
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Pe eaarc of the water-wheel, suggests to my mind the singular, 
though common, way of originating and improving turbines as now 
built by several prominent makers. I believe the process is some- 
thing like this: an experienced millwright is given the opportunity | 
of making patterns for the buckeis, etc., of a wheel, which is then — 
built and shipped to a testing flume, where its efficiency, whatever 

it proves to be, is determined. Little alterations then suggest 
themselves to the pattern-maker’s mind, and he proceeds to re- 


peat the process, perhaps several times, until finally the 80 per = 


cent. mark is passed, when he pronounces the wheel as good as 
can be made, and it continues to be built from those patterns. 
All through it he is indifferent to fine-spun theory, being guided 
apparently by instinct alone. 

It has not been shown, either by the “practical” man or the __ 
theorist, that 81 or 82 per cent. is the highest efficiency of which __ 
the turbine wheel is capable, and nothing but careful observation __ 


of the reasons for the discrepancy between the theory of reaction — 3 


wheels and present practice can better that efficiency. 

It may be of interest to the members to learn that, through the 
liberality of Mr. Stephen Salisbury, of Worcester, Mass., the Wor- 
cester Polytechnic Institute has lately been granted a water privi- 
lege of 80 horse-power, at which is now located a very well- 
appointed turbine-wheel testing plant, splendidly adapted to the 
study of the efficiency of water-wheels. For measuring the water 
delivered to the wheel, there are provided a Union water meter, a 
very conveniently arranged and carefully made weir, and the 
large Venturi water meter which was in use at the Columbian 
Exhibition at Chicago. Thus the effect of an alteration in the 
design of a turbine may be studied analytically, and the theoreti- 
cal effect compared with that actually observed by precise meas- 
urement. 

Prof. F. R. Hutton.—As a supplement to Mr. Allison’s paper, 
I call attention to the accompanying cut (Fig. 216). It is taken 
from a circular issued in 1866, by the firm of Allison & Bannan, 
and is intended to illustrate a form of tool made necessary by in- 
creasing size and weight of work in proportion to the available 
tools. It will be seen that the intention was to set up a sort of 
portable boring bar on a massive gear, or such piece of work, 
which, when the light frame of the tool proper was bolted to it, 
then became the bed-plate of the tool. 

- ITean remember very distinctly that the principle embodied in 


~ 
ae THE OLD AND THE NEW. 
~ 
isa, 
+, 
a 
7, 
‘ge 
4 
4, 
i 


this boring machine of Mr. Allison’s pervaded much of the prac- 
tice in the Cuyahoga Works, of which Mr. Holloway was presi- 
dent and superintendent for so many successful years. I hope he 
will be persuaded to tell us more about his methods there. 

Mr. J. F. Holloway.—I have been very much pleased to listen 
to the paper of Mr. Allison, and Iam quite sure that there are 
very few engineers here who are ee to discuss it, by reason 


ke vit brow slope Jo 
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of any practice which they have had in such shops as he has de- 
scribed. My friend Washington Jones, and some others,I dare 
say, have chipped and filed the slides of steam engines, and per- 
haps have done other work of that class. The work which was — 
done by the old-time machinist is now the work of a past age, but 
it is well for the young men of the present to have such papers i 
presented to them, in order that they may know what work was 
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once accomplished | by hand-craft, and not by well-b built eeditieny. 
designed tools. The workmanship of the past was mainly hand- 
craft, the workmanship of the present is the production of machine 
tools. As the traveller pauses amid the grand ruins of old Egypt, 
he sees on all sides great masses of stone which have been elevated 
toa high position. If he is a thoughtful man he wonders how they 
were placed there, and it is indeed a matter of interest and study 
to the engineers of the present, to know how such work was ac- 
complished. It should be equally a matter of interest and study 
_ to the younger engineers of the present, to know how the massive 
steam engines for factories, rolling mills, mine pumps, and en- 
_ ginery of various kinds were constructed and built in the days when 
_ there were no engine lathes, no planers, no upright drill-presses, 
and none of the many modern appliances which have made the con- 
struction of such work now so easy. The generation of engineers 
who accomplished the work Mr. Allison so well described is now 
rapidly passing away; they had no engineering society to which 
they could present papers, and in whose transactions could be 
published and illustrated their trials, their troubles, and their diffi- 
culties, which others, seeing, might avoid. They had no means, 
beyond the little circle which each one had about him, of com- 
municating to others the different problems of their day and of 
their generation. When they shall have passed away, there will 
be left no record of what they went through, and there will have 
been no American Society of Mechanical Engineers, whose Trans- 
actions contain histories of their troubles and of their success, as do 
the volumes of this Society of the engineers of the present. Great 
credit is due, and should be given, to the men who thus quietly 
and unostentatiously worked hard and long to produce the re- 
sults which they accomplished, with no technical training, with 
no modern shop appliances, but simply by hand-craft, and a lot of 
good horse sense, 

Mr. Fawcett refers to the early construction of what we knew 
in the West as the “Muley Sawmill.” I simply wish to make a 
slight correction, The original construction of the “Muley Saw- 
mill,” with its high-speed engine, was, so far as I know, done by 
Mr. Ethan Rogers, of Cleveland, Ohio, a man who was eminently 
an original, successful engineer and skilful mechanic, although 
not a technical trained one. Mr. Joel Sharp, our highly honored 
member, worked in the old Cuyahoga Works when Mr. Ethan 
Rogers was there, and I dare say he saw, on the drawing boards 
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construction of similar high-speed engines up to the time they 
were built by Mr. Rogers at the Cuyahoga Works, at Cleve- — 


of the old mina Works, the rude drawings of the wtienne 
engine which Mr. Rogers had made, before they were planed out, 
to make room for something else, as was the practice then. 

Mr. William Kent.—I would like to ask Mr. Holloway if he has 
any knowledge of the high-speed engine, between the time of Mr. 
Oliver Evans and that of Mr. Ethan Rogers. There seems to be 
agap. He might tell us whether there were any high-speed engines 
built during that time. 

Mr. Holloway.—I only know that when the method was pro- 
posed of attaching a saw blade direct to the end of a shaft which 
had a short-stroke steam engine connected on it, it was looked upon 
as a wonderful transition in sawmill engineering. Previously there 


had been only the long-stroke engine, that I know of, for this pur- 


pose. Mr. Rogers used a,steam cylinder about 8 inches bore and 
12 inches stroke, and, what was then new also, he used large, long 
steam and exhaust ports, and he ran it some 300 revolutions a 


minute. I dare say, if time was available, I could tell stories of | 


some of the old-time sawmill men and the old-time millwright, 
and of what they said when they first saw one of these engines 
going at that unheard-of speed. I have no knowledge of the 


land. 
Mr. Washington Jones.—I can add but little to what Mr. Alli- 


son has stated in his paper, as my experience is similar to his,and __ 


would be only corroborative. Mr. Allison commenced his appren- 


ticeship at about the time I was finishing mine. I had the ad- | 


vantage of serving my time in a city shop (Southwark Foundry ), 
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although it was not much better equipped with tools than the ones _ 


he describes, in Pottsville; but there was a greater variety of work, 
as paddle-wheel steamboats, propeller engines and hulls, steam 
hammers, borizontal engines, blowing engines, pumping engines, 


hydrostatic presses, Fourneyron turbines, etc.—a good school for __ 


the apprentices. I remember when the bed-plates were east for the — 


steamer Mississippi, one of the first made for the United States — ay 


Government. The engines were of the side-lever type, designed 


by our late fellow-member, Charles W. Copeland. These bed-plates — 


were about 29 feet long by 9 feet wide, and weighed perhaps 15 or 
16 tons. When the mould was completed, I, being the youngest 


cub in a drove of thirty, was sent to deliver invitations to prominent _ 


people in Philadelphia, to come and witness the pouring of the 
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successfully. From the experience had upon-the first bed-plate, 
the second soon followed, when both were placed side by side in 
the erecting shop, and two sets of workmen, one composed of New 
York men, the other of Philadelphians, were each given a plate 
to finish, and then the race began. All the parts which needed 
facing, as seats for steam cylinders (of 75 inches bore), condensers, 
air-pumps, beam shaft pedestals and columns, were chipped (now 
almost a lost art) and filed, and as I was -present when the 
engines were tested under steam, I can say filed true; as there 
were no steam or air leaks, and as gum joint-rings were then 
unknown, the excellence of the workmanship was proved. That 
will give the members some idea of the difficulties experienced in 
those early days. 

The next contract of magnitude undertaken by the Southwark 
foundry was the engines for the Princeton, the first American 
steamer designed to use a propeller, and built, against much oppo- 
sition, by the influence of Commodore R. F. Stockton. These 
engines required very accurate workmanship, and more and better 
tools became a necessity, and were built, so making the establish- 
ment, at that time, probably the best equipped in the State of 
Pennsylvania. One of the new tools was a large boring mill, on 
which cylinders were bored out whilst standing vertically, instead 
of lying on their sides, as in a lathe. This was, I believe, the 
first one used in the State, but certainly in Philadelphia. The 
engines of the Princeton were built from the designs of Captain 
John Ericsson, and the original drawings were all made by his 
own hands, and were the neatest and most accurately drawn to 
scale (only principal dimensions being figured), of any I ever 
saw. It was my pleasing duty to dissect and enlarge the details 
for the use of the workmen in the shops. In the case of stub 
ends for connecting-rods, all of them which would go into a vice 
were finished there. After turning the neck to size, squaring the 
end, and marking circles for width and thickness of the stub, the 
rest of the work was done with hammer, cold-chisel, drill, and 
file. In those days stubs were generally fitted up by appren- 
tices, and it was considered by them a test of skill to fit in the 
brass boxes without marring the corners of the straps, so that 
when put together and draw-filed, the joint between stub and 
strap could not be seen. I would be glad to continue my re- 
marks upon Mr. Allison’s paper, but as they would scarcely rise 
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advil the sine of personal experience, are not likely to interest ca 
the members, and I have said enough to show T 


‘*The troubles that environ 


All those who meddle with cold iron.’ 


The President.—These sketches of Mr. Allison bring to mind 
some reminiscences. I can remember seeing some very large —S 
cylinders, for mine pumping engines, bored out with the very — 
same tools sometimes used for boring a cylinder 60 or 70 inches 
in diameter. 
Mr. Allison, we would be very glad to hear from you, in closing. __ 
Mr. Robert Allison.*—In those old days, Mr. Davis well 
knows that we had pumps driven by pump-rods and gearing. __ 
The pump was put in the bottom of a mine, and a wooden rod 
reached down to the bottom of the mine to operate the pump, and _ 
that was connected to the wheel which was driven by the engine, ae 
and those wheels had to be keyed on the shaft,asIsaidinmy 
paper, by six or eight keys. It was very laborious work todoit, = 
and very frequently the wheels would get out of true, and, as 
mechanical engineers, we all understand what that would mean— ~ i 
, every time it would go around there would be a “whir” when it 
came down to the full side, and, in order to avoid everything of 
that kind, I got up the machine of Fig. 216, and used it quite ex- oo 
tensively, and sold quite a number to other parties, for the same 
purpose. In connection with pump wheels, in hoisting from the | 
mines we had to have large drums, from 6 to 12 feet in diameter. | 
They were generally built up with spiders and wooden laggings, put — 
on the drum to wind the ropes on. In those days we used chains i 
instead of ropes, as we had no wire ropes used for this purpose at_ hs 
that time. The drum shafts were made of cast iron, either hexa- — a - 
gon or octagon in shape, and about 16 feet long, and the spiders — tame 
were keyed on, and lags were bolted to the spiders; with this _ 
machine we could bore the spiders, and could fit them to a farmed ee 
shaft, with one or two keys, as necessity required. I found it a 
very useful machine, and it helped me out of a good many scrapes ce ee 
by having it. ite ae 
In my experience, in this kind of work there are a good many other — ae 
things that come into play, that were not anticipated. I speak in — aes. 
my paper of the Danville Rolling Mills. They were the first mills’ = - 
that rolled T-rails in the United States. I worked on that mill _ 
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from the day the first hammer was struck for 

finished, and I worked many a night, and many a Sunday, after- 
wards, in fixing up break-downs which took place after the mill was 
started. As Mr. Holloway says, there were no mechanical schools ; 
we had no opportunity of learning to give the proper proportions 
to shafts, wheels, and things of that kind, and the mill was put up 
rather haphazard. The consequence was, that just as soon as the 
mill was started the trouble commenced. I remember, in one 
week, working fifteen days—working nights and Sundays, etc.—and 
it was that way all the time I wasthere. I left there about a year 
after the mill was started, and they had not gotten over their 
troubles then—break-downs and other troubles which they met 
with. But the business has gone on, and we all know that they 
can make T-rails now, and make them right; but, at the start, it 
was a pretty hard matter to do anything with them. 

In closing the discussion, I desire to thank the members of the 
Society for their interest in the paper. The discussion has revived 
in my mind many incidents of my early career as a machinist, 
some of them very pleasant and others quite the reverse. Mr. 
Jones speaks of the mode of fitting stub ends for connecting-rods. 
I remember fitting up a large rod made with split stubs, connected 
with straps about five inches wide by one and a quarter inches thick, 
filled in with wood. I had just finished the job when my master, 
Mr. Haywood, brought two gentlemen in ; he called their attention 
to the workmanship, and asked them if they could see the joints. 
They declared the stubs were solid pieces, and he had some diffi- 
culty in convincing them that there were three joints in each stub. 
Now comes the sequel: Next day Mr. Haywood walked into the 
shop and handed me a crisp ten-dollar bill. Of course, I was 
elated, and stimulated to increased diligence and care in my work. 
The life of an apprentice in those days was not all sunshine; we 
were required to do many things which seemed to us an imposition, 
such as running a bolt-cutting machine, punching boiler plate by 
hand, driving a horse in the shop yard, ete. But it taught us 
obedience to our masters, and was a great benefit to us in our 
after career as workmen, foremen, and, some of us, proprietors. 
In those days an apprentice was expected to learn the use of all 
the tools in the shop, as well as to do all kinds of hand work, and, if 
apt in learning, would, at the end of his apprenticeship, be able to 
fit up all parts of an engine, set it up on the foundations, set the 
valves, and start up in good shape. 
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In the olden time, shops made all the bolts, nuts, set-screws, oil- Z : : vig 
cups, in fact, everything required in the construction of machin- _ a 3 a 
ery, and also all the small tools required, such as taps and dies, oa i: “e 
reamers, etc., while now all those things are specialties, and can 
be bought from the makers and Sealers at prices which preclude a ee a 
the possibility of machine-shops making them, and we get a much | nee 
better article than we could make. But I must close, as I find - 
the subject opens up such a field for thought and discussion that hy 
we are lost in wonder at progress made in the designing and con- — ay 
during the last half-century. 
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PROPORTIONING CYLINDERS FOR COMPOUND ENGINES. 


A METHOD OF PROPORTIONING CYLINDERS 
FOR COMPOUND ENGINES. 


ye 

ban. BY E. 0. KNAPP, BOUND BROOK, 

(Janior Member of theSociety.) 


In presenting the following paper the writer will endeavor to 
offer a few simple and perhaps aged formule, expressing the 
relation of pressures and cylinder ratios for compound engines, 
; to show their adaptability to a wide range of work, and to com- 


es ¥ between the two eee as a matter of convenience in propor- 
tioning parts correctly, and at the same time symmetrically. 
_ Second. This equal division of load should extend throughout 

the entire range of load. Third. The range of expansion and 
corresponding range of temperature in each cylinder should be 
an economical one. Fourth. The receiver space should be of 


ae oe sufficient capacity not to interfere materially with the form of 
ae eae i. the cards from the two cylinders, although that point will not be 
at present. 
er, a7 A compound engine for stationary work is usually called upon 
a Role to carry a varying load, and often one whose variations are rapid 
and extreme. Hence, for this class of work, the division of load 
becomes of greatest importance. A system to meet these re- 
quirements more or less completely will be described and after- . 
ward discussed. 
| 2 Z The cut-off is to be automatically varied and kept at the same 
oa ed point i in both cylinders. The clearance space of both cylinders 
oe. is to be so filled by compression that if the compression line 
were extended to the steam line the amount of clearance thus 
shown remaining to be filled at admission shall be the same per- 


7 centage of the displacement in both cylinders. This is best 


io *Presented at the Detroit meeting (June, 1895) of the American Society of 
2 _ Mechanical Engineers, and forming part of Volume XVI. of the 7’ransactions. 


<= 
: 
| 
} 
j 
ee ¢- In determining the proper cylinder ratio for a compound engi a 
| 
9 
~ 
~ 
ig 
a 


. PROPORTIONING CYLINDERS FOR COMPOUND ENGINES. 768 


accomplished by having the clearance the same percentage in 
both cylinders, and compression carried to the same percentage 
of initial pressure in both. 

The receiver space is assumed large enough not to materially 
affect the cards, and the steam in its expansion is assumed to 
follow the law P V = Constant. 


An attempt was first made to study the problem by means of 
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diagrams, but it was soon found that when the load was equal- 


ized the relations of pressure and cylinder ratio could be ex- 
pressed as follows : 


Let P; = Initial pressure in high-pressure cylinder. | 
Let Pz = Receiver pressure. t All 


Let P, = Back pressure in low-pressure cylinder. absolute. 
Let R = Cylinder ratio. J 


ul Sa) 


Then R= 

Now let the pair of cards shown herewith in Figs. 217 mail 218 mee 
be drawn with P; Pp, and P,, as indicated in the formule. Let : . 
the clearance of the two cylinders be the same percentage, and 
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compression begin at the same point of the stroke, thus com- 
pressing to the same percentage of initial pressure in each, and 
leaving the same percentage to be filled at admission. Then, if 
the cut-off is the same in both cylinders, the work done on each 
piston is the same, regardless of where the cut-off is, for in this 
case the pressure represented by any ordinate of one card is to 
the pressure represented by the corresponding ordinate of the 
other inversely as the cylinder ratio, and the effective force on 
each piston is the same.* 

Thus we see that the drop, while less in the low-pressure 
cylinder, is equivalent to that of the high, and becomes zero at 
the same point of cut-off. By choosing the proper size of cylin- 
ders this drop can be made zero for any given load, but, of 
course, this can be done for one load only, and earlier than this 
load we have looping. And now the question arises, Is the drop 
detrimental to economy? To say that drop between the two 
cylinders is detrimental to economy seems to be contradictory 
to the theory of the throttling calorimeter, in which the steam 
is allowed to expand without resistance, thus retaining all its 
heat, which, in the form of superheat,is afterwards measured. 
When this expansion takes place into the receiver of an engine, 
the superheat thus caused is inits most available form for trans- 
formation into work in the following cylinder. 

The drop in the low-pressure cylinder seems to represent a 
waste similar to that in a non-condensing engine where expan- 
sion is not carried to atmospheric pressure, and the same argu- 
ments which justify one justify the other, viz.: first cost of engine 
internal friction—and Mr. Ball would very properly add cylin- 
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* Proof.— Between b and ¢ the effective pressure shown by any ordinate z of the 


high-pressure card = P; — P; x i and the same for the corresponding ordi- 


oa oa 
nate of the low-pressure card = Pz — Pr x = E P, — Pr x oe) 


Between ¢ and c the high-pressure ordinate = P; — Pg; and the corre- 


1 
sponding low = Pz — Ps = R (P; — Pz). ie 


Between c and d any, high-pressure ordinate x represents an effective press- 
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der condensation, upon which ground alone he is prepared to 
defend the drop in both cylinders 

Returning again to the diagrams, we see that the product of 
the pressure and volume at cut-off in the high-pressure cylinder 
/,x oc, and in the low P; x oc x R= P, x oc, so that the 
steam demanded by the low-pressure cylinder and that de- 
_ jivered by the high are equal, as required. 

From the formule we have, for namreendanaing engines: P, 

assumed 16 pounds. ; 


fi, 


80 1000 
95 


Cylinder ratio. 


R 2.45 2.68 3.02 3.17 3.70 
P, 39 48 47 52 58 


P16 16 16 16 ig? beer 


ithe 
Range of temperature. oth 


58.3° 66.3° 75.8° 82.5° 


a ea for condensing engines we have: P, assumed = 3} pounds. 


Initial pressure. uel: 


Gauge. 80 100 125 150 175 200 © 
5.21 5.72 632 686 7.36 7.74 
P, 1825 20 22 2% 258 2% 


Pwe 


Range of temperature. 


ie: 101° 110° 120° 128° 135° 
LP. 76° 806° 85.7° 96° 

Mr. James Tribe, in a paper published in the American 
Machinist of September 10, 1891, by a somewhat similar line of 
reasoning arrives at cylinder ratios for non-condensing com- 
pounds which correspond very closely with those given above ; 
but when he comes to condensing engines he makes an allow- 
ance for loss in expansion which allows his cylinder ratio in no 


case to rise above 4.25. 
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It seems quite possible that the cylinder ratio of Mr. Rock- 
wood’s remarkable engine, with a ratio of 7 to 1, a test of which 
was reported at the last meeting, was computed from substan- 
tially the same formula, so closely does it correspond. 

In this case P; = 159 + 15 = 174 pounds. P,; was probably 
intended for 175 pounds 

Then, taking P, = 3} pounds, R=4/ 


Mr. Rockwood is also very successful in showing that the drop | 
between the two cylinders is not a very serious matter. 

The writer has been somewhat in doubt whether, with the 
extreme ranges of expansion used by Mr. Rockwood, the steam 
could be ‘relied upon to follow the law PV = Constant, and has 
consequently hesitated somewhat to recommend a cylinder ratio 
higher than five. The report of the performance of Mr. Rock- 
wood’s engine was anxiously awaited on this account, and 
although the information on this point is not so exact as might 
be desired, it seems to establish the fact that the law is followed 
closely enough to justify the proportions. 

From the formula it is evident that a slight change in P,, when 


P, is small, as for condensing engines, yequires a marked change 


in R to exactly equalize the load for a given initial pressure P,. 
But on the other hand a change of one pound in the back press- 
ure, P,, will make the load uneven only by the amount due to one 
pound M. E. P. on the low-pressure piston. For this reason a 
given cylinder ratio can be made to cover a greater range of 
values of P; with the condensing than with the non-condensing 
engine. 

And now, regarding the range of temperature in the two cylin- 
ders. The writer believes with Mr. Rockwood that the range 
should not be equal for the greatest economy, but should be 
inversely as the surfaces exposed, or inversely as the diameters, 
or inversely as the square root of the tylinder ratio. It will be 
observed from the table that while the range is in every case 
lower in the low-pressure cylinder, as it should be, it is higher 
somewhat than this rule would indicate. 

- On the whole-we have the following results: Correct steam 
distribution, with a relation of cut-off easily obtained. Evenly 
divided load throughout the entire range. Proportions of clear- 
ance and compression easily obtained. Good division of range 
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of temperature, and drops in the two cylinders which can be 

made to correspond with any requirement for economy. And 

here we will leave the subject to the consideration of the critics 

of the Society who may find it of interest. == = © 

Mr. James B. Stanwood.—I would like to call attention to the 
title of this paper, which I think might be made more narrow than 
itis. It says: “A method of proportioning the cylinders of com- 
pound engines.” I would add: “To secure an equal division of 
work and equal pressures in both cylinders.” This method relates 
only to one phase of the subject, and cannot be adapted without 
modification to usual conditions of practice. 

Mr. George I. Rockwood.—I agree with the last speaker in think- 
ing that the title of this paper is a little too broad for the treat- 
ment of the subject. I acknowledge that many writers on cylin- 
der ratios of compound engines have rested on the dictum which 
forms the basis of the author’s computations in the paper—that 
the best ratio is that which gives an equal division of the total 
work to each cylinder. But whatever experience I have had with 
high pressures—140 to 160 pounds—leads me to conclude that it 
is more economical to do § or 3 of the total work in the high-press- 
ure cylinder, since the amount of cylinder condensation in each 
cylinder is then more likely to be equal. Of course, the amount 
of work done in each cylinder has no direct connection with 
the amount of “cylinder condensation” in each cylinder, and a 
formula based upon an equality of work is but a rule of thumb, 
which may be either right or wrong. I think the suggestion is 
wise to control the point of cut-off in the second cylinder by the 
governor, in places where the load is variable, both on the score 
of economy and closer regulation. 

The question of what tlie best cylinder ratios for a wide range 
of initial pressures may be is a pressing one, and I am glad to be 
able to state that it is to be carefully investigated at the Worces- 
ter Polytechnic Institute, where they are now putting into the 
mechanical laboratory a triple-expansion engine, unique amongst 
experimental engines in at least one important particular, that 
each engine may be run separately and at variable speeds as well 
as at variable steam pressures. —_ any two of these — 
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can be operated together as a compound, and by speeding up the 
low-pressure side relatively to the speed of the high-pressure side, 
any cylinder ratio desired may be tested. 

I hope to see the question of the relative importance of the 
intermediate cylinder of a triple-expansion engine settled, for steam 
pressures less than 200 pounds. 

Mr. William Kent.—I wish to call the attention of the members 
who are interested in this question of steam-engine economy to 
the sentence on the first page of this paper: “ A compound engine 
for stationary work is usually called upon to carry a varying load.” 
Now, the aim of nearly all the reports of tests that we have of steam- 
engines, and of nearly all the investigations we have had yet of 
the steam consumption in an engine, determine only the consump- 
tion when it is running at that point of cut-off which is supposed 
to give maximum economy, and the question asked concerning an 
engine usually is, How low can we get its steam consumption 
under a single set of conditions? I think this whole question should 
be broadened out so as to have a series of tests in which we will 
find what conditions or what design will give us the maximum 
economy for a great range of load ; that is, if we have two engines 
to test against each other, each of 500 horse-power, each of the 
engines may, say, give a water consumption of only 12 pounds, at 
500 horse-power, but one tested all the way from 300 to 600 horse- 
power may give a higher economy throughout the whole range 
than the other, and the one which gives the higher average econ- 
omy for the whole range is the better. This question should also 
be taken up in regard to the steam boiler. I have never heard of a 
competitive test made of steam boilers to determine which boiler 
was the best throughout a given range. 

Mr. Stanwood.—I would like to indorse Mr. Kent’s remarks in 
this particular. It seems to me that the problem for the steam 
engineer, especially for our western country, is to design a non- 
condensing engine which will produce high economy under both 
high and low loads. Our industries usually develop extremely 
high and extremely low loads, and it is very seldom that we find 
a place where there is a constant load. The average of a high 
and light load is not an equivalent of a constant load. The con- 
ditions accompanying the development and distribution of elec- 
trical engineering tends to make constant loads more rare and 
extreme variations in load more common. The engine which will 
give the-best results at a maximum load, and a good result at 
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light load, will be the best engine commercially for the future. 
The same holds true for boilers. 

Mr. Jesse M. Smith.—I have been pleased to see that Mr. Knapp 
has put into form the subject to which I called the attention of 
the Society at the New York meeting in 1892—that is to say, pro- 
portioning the engine so that the work done in the two cylinders 
should be the same, and should remain the same throughout the 
entire range of the power of the engine. This is accomplished 
very readily by having the valve gear of both cylinders controlled 
by the governor, to which I called attention at the New York 
meeting in 1892, and which was the condition of the engine on 
which I reported a test at the Montreal meeting. This latter 
engine was driving an electric railway in which there were only 
three cars, and in which the load varied, as you will remember, 
from about 100 horse-power down to 5 or 10 horse-power in less 
than five seconds. The results there given were commercial re- 
sults—everyday work—and the test was carried on for eighteen 
consecutive hours, with readings taken every five minutes in the 
cylinders, every ten seconds on the electrical instruments. This 
paper presented to-day on “Tests of a Combined Electric Light 
and Electric Railway Station” is also made under the same con- 
ditions of variable load and a load which varies very rapidly, and, 
you might say, almost instantaneously. These results cover 
somewhat the point that Mr. Kent raised. The economies are 
those of engines under actual conditions of an electric station, in 
this paper and the one that I presented at the Montreal meeting ; 
whereas the very high efficiencies which have been found in pump- 
ing engines, and in some cotton-mill engines, are based upon a 
load which is practically constant. 

Mr. Rockwood.—lf I may be allowed to speak once more, the 
discussion is drifting now to the matter of variable load. I want 
to connect that with the subject proper of this paper, and refer to 
the marked advantage of using steam at a high pressure in a 
compound engine having the extreme ratio of cylinder volumes of 
which I have been an advocate, for places where the load is vari- — 
able, as I understand it is currently believed that under such 
circumstances a relatively large high-pressure cylinder will give 
the best results. I have tested a triple-expansion engine run 
without its intermediate cylinder and with a constant receiver 
pressure, and I have found that a variation of 50 per cent. in the 
load did not affect the economy of its operation appreciably. 
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The ordinary compound, as Professor Carpenter has shown, is __ 

more economical with a variable load than is the simple engine, 

and the type of compound which I refer to is more economical 

even than the ordinary kind. 

Professor Hutton.—If I understand the statement at the top of 

_ page 763, where the author says, “ This is best accomplished by 

- having the clearance the same percentage in both cylinders,” I 
do not think that is true. I would like to have the author explain 
it, and justify it if he thinks it is true. 

Mr. Rockwood.—I think that the author has to make that 
premise in order that the formul# can be mathematically precise. 

The President.—I think that is very misleading. It seems to 
me that that is a question that ought to be discussed a little 
before it is put into the Proceedings. In this shape it is liable to 
be very misleading. I would like to have some of our members 
who have experimented in these matters give an opinion on that 
subject. We all know that the clearance in the high-pressure 
cylinder must be very much larger than the low-pressure to make 
the compressions anywhere equal; or else you have to cut out the 
inside lap of the valve which is equivalent, to.an injurious extent. 

Mr. Rockwood.—The clearance of the low-pressure cylinder is 
always about 60 per cent. greater than that of the high-pressure 
cylinder, if the engine is properly designed. 

Mr. Knapp.*—I am glad to see that the importance of proper 
steam distribution and division of load, throughout the entire range 
of load, has been brought so prominently to the front in this dis- 
cussion. With any load, not too light, valves can be adjusted to 
give fairly satisfactory results with almost any cylinder ratio, but 
as soon as the load changes, a new adjustment is required. Apply- 
ing the automatic cut-off to both cylinders, in itself, only partly 
overcomes the difficulty. The points of cut-off in the two cylinders, 
the pressures which are the limits, the proportion of load taken 
by each cylinder, and the cylinder ratio must bear certain relations 
to one another for the best results, which may form the subject of 
a more extended paper. The system here described forms a spe- 
cial case and, to the author’s mind, the simplest, most effective, 
and, therefore, the most desirable one. It was selected, after 
quite a thorough consideration of mechanical details, as the sim- 
plest arrangement and at the same time the one which most fully 
meets the requirements of “the usual conditions of practice.” 


* Author’s closure, under the Rules. 
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The point of division of load which gives absolutely the highest __ 
thermodynamic efficiency is not yet definitely determined. An 
equal division of load possesses many advantages in proportion-— 
ing parts and balancing the engine, and, being also very near — 
the most economical point, was, therefore, chosen. It is also 
doubtful if any other proportion than an equal division could be 
maintained throughout the entire range of load. 

Given two cylinders operating reciprocating parts of the same 
weight, at the same speed and stroke, the requirements to stop _ 
the parts are identical. Then, if the actuating pressuresupon the 
piston have been inversely as the areas, thus producing identical — 
effects upon the piston-rods for the entire cycle, with .the excep-_ 
tion of the period of compression, it would be natural to conclude _ 
that the rule of inverse pressures, carried through compression _ 
also, would give the best results. For, proportioning the pressure | 
to correspond with the weight and speed of reciprocating parts _ 
for one cylinder, and taking an equal percentage of clearance and — ‘oa 
the same exhaust closure for both, we have the requirements ful- = Re. 
filled with mathematical exactness for the following desirable feat- 
ures for both cylinders: 

First.—Compression correct to check the reciprocating parts. 

Second.—Exact division of load. 

Third.—Constant receiver pressure, and, therefore, constant 
range of temperature in each cylinder, because the steam asieed “< 
for the clearance space of the high-pressure cylinder is just the 
amount required for the same purpose in the low, while the other — 
requirements for constant receiver pressure are fulfilled by the 
cut-offs, These are three results which it would be difficult to : 
combine in any other way. It is also to be noted that this is the ee 
steam distribution most t easily obtained with any form of valve ee 
gear. 

It is safe to say that any reasonable variation in clearance — ee 
would not, in practice, produce a serious change, especially if the = tx 
compression were made to follow the law for such cases indicated | a 
in the foregoing paper ; although the laws governing the load in = oat 

this case would be more difficult to express with the same precis- : sae 2 
ion. As far as economy alone is concerned, the most economical 
clearance for both cylinders is probably zero, which would be 
unsatisfactory if it were not impossible. 

Mr. Smith recalls the report of a test which I remember read- 
ing with great interest. Here is an engine giving the same ~ 
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results which should be expected from the system described. The 

mechanical details are evidently, within reasonable limits, those 
advocated in the preceding paper. Now, if the pressures selected 
as limits are those for which the cylinder ratio is adapted, the 
results are those which, in the opinion of the author, ought to be 
expected. And here I would say that, if the pressures are not 
those for which the cylinder ratio is best adapted, the results 
should still be more satisfactory than with the fixed cut-off on the 
low-pressure cylinder. 

The pressure limits were 117.5 and 0 gauge. 

The abs. initial pressure (P;) is, therefore, 117.5 + 15 = 132.5 

The abs. back pressure (P,) equals 


The cylinder ratio (72) should equal / —- 


ony: 


And the receiver pressure (abs.) should equal cor = 44.6 
or, the receiver pressure gauge should equal 44.66-—15= 29.6 

The size of engine was 8 and 13.75 x 12, giving a 
3.75)? 

and receiver pressures from the cards varying from 28 

to 31 pounds gauge, giving a mean of (28 + 31)+2= 29.5 
while the load remained equally divided throughout the entire 
range. 

Whether this engine was designed for an initial pressure of — 
117.5 pounds gauge I do not know, but it is evident that, in some 
way, the pressure for which it was best adapted had been ascer- 
tained, and the figures show how easily the system can be applied 


in practice, with mathematical exactness) = 


cylinder ratio of —— 
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THE DOWN-DRAUGHT FURNACE FOR STEAM 
BOILERS. 

WILLIAM H. BRYAN, ST. LOUIS, MO. 


; he PROBABLY no mechanical device has done as much toward the 
practical solution of the smoke problem in St. Louis as the down- 
draught furnace. Until this apparatus was developed there was a 
certain character of steam plants—or, rather, of steam service— 
to which it seemed that none of the existing forms of smoke- _ 
abating furnaces could be satisfactorily applied. In these plants 
—fortunately few in number--the demand for steam was such 
as to make it necessary at times to crowd the boilers far beyond 
their rated capacity. Or else the work was subject to frequent 
and extreme fluctuations, often greatly exceeding the rated capac- 
ity of the boilers. It may be said, of course, that this is abuse, 
rather than proper use, of a boiler plant, but, nevertheless, these 
conditions exist, and it is sometimes impossible either to mod- 
ify the conditions or increase the boiler capacity. 
The fact that there seemed no practicable or reasonable rem- 
edy for these cases retarded the growth of the smoke abatement 
movement in St. Louis for many years. It was thought unwise 
to pass and attempt to enforce smoke-abatement ordinances a 
when it seemed impossible for some of the plants to stop the __ 
smoke, under reasonable conditions. The demonstration of the 
fact that the down-draught furnace made a good smoke record 
possible, even with overworked boilers doing variable work, and 
with a marked economy in fuel, may be said to have marked an | 
epoch in smoke abatement. Our experience in St. Louis leads 
us to believe that smoke from boiler furnaces can now be abated © 
by practical means, without hardship, no matter what the type 
of boiler, the character of the work required of the plant,or _ 
the kind of fuel used. : 


* Presented at the Detroit meeting (June, 1895) of the American Society of | 
Mechanical Engineers, and forming part of Volume XVI. of the 7ransactions. 
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I speak thus highly of the down-draught form of furnace with 
no intention of denying the merits—for they are many—of other 
smoke-abating devices. Many of these do excellent work under 
most of the conditions occurring in practice. In my opinion, 
however, no single furnace now on the market can be adapted to 
all the conditions met with in everyday boiler service. Each. 
type has a place, a field of usefulness, within which limits its 
success is sure. Unfortunately, however, the average furnace 
man seems unable to realize this truth, but offers his device as 
a remedy for all sorts of cases and conditions. It is not sur- 
prising, therefore, that he sometimes meets with failure. 

Where the work required of a boiler plant does not greatly 
exceed its rated capacity, and is reasonably uniform, there are 
many good smoke-abating furnaces which may be used, some of 
which will make an appreciable saving in fuel. If our boiler 
plants were properly designed and managed, and if we did not 
have sometimes to overwork them, and to subject them to widely 
varying loads, the smoke-abatement problem would be greatly 
simplified. The fact, however, that even such discouraging con- 
ditions as these can now be intelligently remedied, has led to 
the preparation of this paper. 

Fortunately for the steam-using public, several different forms 
of down-draught furnaces are offered for sale, by various builders, 
and under different patents. I have had no opportunity of look- 
ing up the number and value of these patents, but it would seem 
that they refer to important details of construction and arrange- 
ment, rather than to general or essential principles. It is not 
necessary to consider here whether or not the manufacturers 
are justified in charging royalties. Their experience in the 
design and adaptation of the furnace to varying conditions— 
and the further fact that, as a rule, they will guarantee results 
—would certainly appear to entitle them to a fair margin of 
profit, at least. 

Although the principles are old, I have been unable to find 
any record of this type of furnace coming into regular use pre- 
vious to 1888. It seems that the cost of the apparatus, the ne- 
cessity for water grates, and their frequent burning out, due to 
defective construction and bad feed-water, prevented its general 
adoption. 

The form of down-draught furnace which has come into most 
general: use, and which may justly be said to have contributed 
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more than any other to the present state of the art, is that invented 
_ by Mr. M. C. Hawley, of St. Louis, and which bears his name. 
Mr. Hawley’s experiments began as far back as 1873, and met with 
varying degrees of success. He was able to show an economy 
of fuel, and, with proper handling, an almost total abatement of 
the smoke, even with the low-grade soft coals common in the 
Mississippi valley. In 1882 Mr. Hawley interested Capt. C. W. 
Rogers, then General Manager of the St. Louis and San Fran- 
cisco Railway, who, after consultation with his master mechanic, 
decided to build an experimental furnace in the fire-box of a 
switch engine. The result was so satisfactory that the furnace 
was soon applied to another locomotive boiler in stationary ser- 
vice. It was then applied to a locomotive in regular service. It 
was necessary to cut down the grate area considerably, but in 
spite of this the engine did good service, being practically smoke- 
less and throwing no sparks, even with a straight stack and no 


ig netting, until destroyed by a roundhouse fire. The furnace was 


also applied to a number of the boilers of the St. Louis and 
San Francisco Railway Company, in stationary practice, in their 
shops and other buildings, where they are still running satis- 
factorily. 

In 1888 a contract was made to place the Hawley furnace 
under an ordinary stationary boiler in the new factory of the 
Hamilton and Brown Shoe Company, St. Louis, under a very 
stringent guarantee. The boiler was 60 inches diameter, 20 feet 
long, with’ 18 6-inch flues. A similar boiler was set with the 
ordinary furnace,in the same room. The results in smoke abate- 
ment, fuel economy, and capacity were so satisfactory as to 
lead to the application of the Hawley furnace to the other boiler 
very shortly afterwards. This case marked the beginning of 
the introduction of this type of furnace into general stationary 
practice. 

A brief description of the characteristic features of the Haw- 
ley setting will be of interest. In the earliest forms it consisted 
of a single row of water grates, these being necessary on account 
of the high temperatures developed. These water grates were 
made of 2-inch pipe, placed level, and connected with the cir- 
culation system of the boiler by water boxes, or headers, and 
connecting pipes. The supply pipe leading to the front headers 
was usually taken from near the bottom of the front end of the 
shell, and the discharge was delivered near the water line. The 
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rear end of the fireplace above the grates was closed off tightly, 
by means of a hanging water leg riveted to the shell of the boiler, 
in which suitable openings had been cut. In order to insure 
circulation in the tubes and prevent their burning off, it was 
found necessary to have the rear end of each tube project far 
enough into the water leg to permit attaching an elbow, into 
which was screwed a riser, reaching up into the main body of 
the water in the boiler. Further experiments showed that it 
was usually desirable to put in two rows of water grates, and to 
stagger them. Even then, however, a considerable amount of 
unburned fuel fell through the grates, and was hauled out with 
the ashes, unconsumed. This caused a loss of efficiency when 
the boilers were crowded, and led to the adoption of the lower 
grate, which is of the ordinary pattern. This form of the fur- 
nace is shown in Fig. 219. 

It was at the Hamilton and Brown Shoe Works, above referred 
to, that the necessity for the lower grate became evident, and . 
where it was first applied by Mr. Hawley. It is now an accepted 
feature of all forms of the Hawley furnace, and to it, in my opin- 
ion, are largely due the excellent results secured in capacity, 
efficiency, and smokelessness. 

In the earlier forms of the furnace the water grates were level. 
It was soon found that, by placing them on an incline rising-to 
the rear, the circulation was much improved, and the probability 
of burning off tubes greatly reduced. This plan was then regu- 
larly adopted, and the pitch gradually increased until‘the stand- 
ard is now 2} to 3 inches per foot of grate length. 

It was soon found, also, that the riser pipes in the rear water 
box were a source of trouble. Sometimes they became discon- 
nected from the elbows, and when new grates were put in it was 
difficult to attach the elbows and risers to the grates, on account 
of interference with the other risers and with stay-bolts. When 
the risers were not connected, the grates burned off in a short 
time. This proved a serious difficulty, requiring in a number of 
plants the almost constant presence of boiler makers. Part of 
the boiler plant was therefore out of service a large portion 
of the time, and repair bills were large. Experiments were then 
made with other forms of construction, and a water box, or 
header, was finally adopted for the rear end, similar to that 
used for the front end of the grates, the space intervening be- 
tween it and the shell of the boiler being built up solidly by a 
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a ae, 9-inch firebrick wall. Connections were made from each end of 
oy = the rear water box to the boiler shell, some distance back from 
the front of the boiler, and just below the water line. This 
expedient proved satisfactory, greatly reducing the number of | 


tubes burning off. 
This rear drum is now made in two forms. That adopted by 


St. Louis manufacturers is simply a riveted drum 20 inches 
- indiameter. This large diameter permits the water grates to be 


screwed in, without the necessity of flattening the sides of the 
tube, as is customary with the form adopted by the Chicago 
manufacturers, whose rear drums are 10 inches in diameter. 
In the St. Louis form the drum is large enough to permit a man 
to enter it. By placing a light through a hand-hole into the 
front drum—which is usually 8 or 10 inches diameter—it is pos- 
sible to look through every tube, and thus ascertain its exact 
condition. The large drum, however, offers a favorable place 
for the accumulation of sediment, which may cause it to burn, on 
account of the high temperatures to which it is exposed. No 
such accident, however, has occurred, so far as I can learn. 
Fig. 220 shows the St. Louis form of construction. It shows but 
a single row of water grates, this form still being frequently 
used, as being easier handled. 

This figure also shows the present method of building the 
boiler fronts. In the early form, shown in Fig. 219, the ashpit 
was wholly below the floor line, and was extended out in front 
of the boiler front, that portion of it being covered with sheet- 
iron plates, which were removed when cleaning the ashpit. 
This arrangement proving unsatisfactory, it was replaced by the 
three-door front shown in Fig. 220. This plan raised the average 
level of the upper grates to a point some 18 inches above that 
of the ordinary furnace, making it necessary for the fireman to 
lift the coal that much higher, and making the firing consid- 
erably more laborious. It has now become customary to raise 
the floor a little at a point some three feet away from the front 
(see heavy dotted line in Fig. 220), thus permitting the fireman to 
stand at the usual level with reference to height of grate. It is 
desirable also to have the ashpit slope to the rear, to facilitate 
cleaning. 

As will be clearly seen from the drawings, the miseitinie of the 
down-draught furnace is directly opposite to that of the ordinary 
setting. Very little air is admitted below the water grates ; the 


778 THE DOWN-DRAUGHT FURNACE FOR STEAM BOILERS. 
mits 
Se 
be 
« 
» 
it 
Aa 
a 


THE DOWN-DRAU 


dah 


GHT FURNACE FOR STEAM BOILERS. 779 


asta 


“rod 


iti 
ds staid 


it 


EARTH FILLING 


LONGITUDINAL SECTION 


‘old te 


4 


Ya 


= 
— & x 


t javome na wl fare 


i 
ia 


lt Yo 
kno 


HALF CROSS-SECTION 


AS 


HALP 


ELEVATION OF FRONT 


- 


wis 


\ 
— 
< 


_ entire supply of coal, and practically all the air, entering ghees 
_ The fire burns downward instead of upward, there being “n 
thoroughfare ” except downward through the grates. The 


aes _ carbon particles which form the visible smoke, are forced 
_ through the incandescent mass of coal and are highly heated, 
tan after which they meet the equally hot flame from the lower 

3 grates, on which there is burning what is practically a coke fire. 
ie a The combined water of the volatile matter in the coal, as well as 


= "gases. These combine with’ air supplied below the grate, or 

drawn downward through it, and burn, thus adding to the 
efficiency of the furnace instead of impeding it. The separated 
- earbon meanwhile is transformed into carbonic acid gas, which 
is invisible. The result is almost complete combustion. Such 
- jittle additional air as is needed is furnished through the 
-_- registers of the doors between the two grates, or through those 
_ of the ashpit, the doors of which are sometimes left partly open 
also. 
In practice it is found that, as an average, the upper grates 
do probably 90 per cent. of the work. When the boilers are not 
~ erowded little or no fuel is burned on the lower grates. When 
there is a demand for an increased amount of steam the fireman 
runs his slice-bar along or between the upper grates, causing a 
- considerable amount of half-burned coal to drop through to the 
lower grates, where its combustion is completed. 
It will be seen that the water grates and headers add some- 
what to the heating surface, and thus increase the capacity 
ofthe boiler. It has been found, however, that this reversing of 
the path of the gases, and requiring them to traverse the tortu- 
: ous passages, makes necessary a somewhat increased chimney 
ss @apacity, if it is desired that the boilers be capable of doing as 
much work as with the ordinary setting. If the demand for 
steam never greatly exceeds the rated capacity of the boiler the 
_ ordinary chimney will answer, it simply being necessary to 
_ earry thinner fires. The best results, however, in efficiency and 
_ smokelessness, as well as in capacity, are secured by having a 
_ ehimney of ample height ; a statement, however, which is equally 
true with regard to ordinary settings, which rarely have enough 
chimney. 

In order to make a fair and definite comparison of the Hawley 
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down-draught setting 
with the ordinary fur- f 
nace, the Smoke Com- 
mission of the city of 
St. Louis, of which the 
writer is a member, 
made a competitive test 
at the plant of the 
William J. Lemp Brew- 
ing Company, on July 
11, 1893. The boilers 
were identical in every 
respect except as re- 
gards their furnaces, 
and that the chimney 
for the down-draughts 
was 143 feet high, and 
for the common battery 
100 feet high, above 
grate level. The official 
reports of these tests are 
appended to this paper. 
(Table I.) It will be 
noticed that in both 
cases the boilers were 
run at more than double 
their nominal rating, 
and that the efficiency 
of the Hawley was over 
21 per cent. higher than 
that of the common fur- 
nace. 

The smoke record 
(see chart, Fig. 222) 
shows a reduction in 
the smoke of nearly 96 
per cent, even under 
these extraordinarily 
severe conditions. Fig. 
221 shows a chart made 
by the writer from the 


Fie. 221. 


" 
avs 
0 
( 
| 

ay 
cules 
T 
% x EF 


THE DOWN-DRAUGHT FURNACE FOR STEAM Be OIL 


782 


chimney of a Heine boiler, set with the Hawley furnace, at a 
time when the boiler was being run at 25 per cent. above its 
rating. It shows the remarkably low figure of only % of 1 per 
cent. of smoke—in fact, there was absolutely no smoke except 
while the fires were being cleaned. 


HAWLEY DOWN DRAFT FURNACE 


W. J. LEMPS, BREWE 
RY 
SMOKEICOMMISSION, CITY OF ST. LOUIS, 
Per Cent 
100 


Ber Cent Minutes . FULL LINE-SMOKE RECORD WITH DEVICE, 
6789 DOTTED LINE— » WITHOUT » 

LY 176 
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Test began aga 
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{11:50 
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Fie. 222. 


It will be seen in Figs. 219 and 220 that in the standard form 
of construction the fireplace is immediately under the front end 
of the boiler. This usually cuts off from 50 to 60 square feet of 
valuable shell heating surface, and, furthermore, must interfere 
largely with the circulation of the water in the boiler. In a few 
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ee external fireplaces have been built, but their somewhat 
greater cost, the increased space occupied, the necessity for a 
special form of front, and the difficulty found in supporting the 
firebrick arches over the water grates, have prevented the gen- 
eral adoption of this plan. In my opinion, however, it possesses 
important advantages in capacity and efficiency, and should be 
followed wherever sufficient space is available. 

With the present form of water-drums and tubes there is but 
little danger of the tubes burning out unless the feed-water is 
bad. This is a point that must be carefully looked into when it is 
proposed to use the down-draught furnace. It is a matter, how- 
ever, that should always have attention, whatever the type of 
boiler or setting; and as there are now so many good systems 
of water purification there is little excuse for permitting heating 
surfaces to become foul with scale. When the tubes burn out 
they do so without causing damage to the surroundings. Some- 
times only the threads are stripped, and at other times the tube 
splits, resulting in a large, but not serious, leak of water. In 
such cases the boilers are generally run in their regular service 
until the usual time of shutting down, and cases are on record 
where the boilers have been run until Saturday night—almost a 
. full week. It is desirable, however, that at least one side of the 
boiler be accessible, in order to afford access to both drums, 
particularly with bad feed-water. This necessitates a passage- 
way between each pair of boilers. 

A few cases of grate renewals have been due to careless or 
ignorant handling of the slice-bar by the fireman, bringing a 
severe cross-bending strain on the tubes. This, of course, must 
be carefully guarded against. 

There being considerable special ironwork connected with 
the Hawley setting, this type of furnace is necessarily more 
expensive in first cost than some others. Measured in results, 
however, the advantages would, in most cases, appear to warrant 
a considerably greater investment than is ever required. 

The conditions under which it would appear unwise to use 
the Hawley down-draught furnace for smoke abatement would 
seem to be : 

First.—Where the feed-water is quite impure, and cannot be 
readily improved. 

Second.—Where the feed-water i is bad, and the boiler i is said 
accessible from the side. ae: | 
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Third.—Where the draught is poor, and the boilers are hard 
worked. Usually, however, the height of chimney can be in- 
creased. 

Fourth.—Where there is but a single boiler. The possibility — 
of an occasional tube renewal might cause the interruption of 
the service for several days. This danger would be very remote 
with reasonably pure feed-water. | 

Fifth—Where the plant is of such a size or character as not 
to warrant the investment. 

Evaporative tests made by myself and others indicate that 
the Hawley furnace adds to the efficiency of improved water- 
tube forms of boilers, although the percentage of increase is 
not so great as with the ordinary boilers.* The design of the 
furnace is such as to make it readily applicable to any form of 
boiler. 

I recently prepared a series of instructions to firemen for a 
large plant operating the down-draught furnaces. These are 
appended hereto. It will be seen that the requirements are not 
at all difficult of comprehension and execution. 

In some cases the use of this furnace has been found to add 


to the labor cost. This was due in a few cases to the increased — 4 


height to which the coal had to be lifted, and sometimes to the . 
debilitating effect of the radiant heat pouring out through the 
open fire-doors into the face of the fireman. Raising the floor 
level has remedied the former trouble, and the latter has been 
largely reduced by an improved form of door, which can be so 
placed as to keep the heat off the fireman, while still admitting an 
ample air supply. In other cases the draught was insufficient, 
and large demands for steam have necessitated increased labor. 
In still other cases the firemen have not thoroughly understood 
the best method: of handling the fires, and have not directed 
their efforts to the best advantage. With the latest form of 
construction, proper draught, intelligent and careful handling of 
the fires, there would appear to be no reason why the amount 
‘of labor should be increased. On the contrary, it ought to be 
decreased, as there is less coal to be handled. 

Not the least of the many advantages afforded by the down- 
draught type of boiler furnace is the fact that the heating surfaces 
are exposed to practically constant temperatures. There is no 
alternate heating and cooling, as is the case with the common 
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setting, when the doors are opened to admit fresh charges of 
se That this type of boiler setting is destined to wide-spread 
use is demonstrated by the fact that three companies alone 


have within the last five years applied it to 1,600 boilers, aggre- 


gating 240,000 horse-power. 

_ While the Hawley type of down-draught furnace is perhaps the 
est known, others are coming into use, which promise well, 
although none have, as yet, met with very wide adoption. One 

of these, invented by Mr. Jos. M. Thomas, of St. Louis, is shown 

in Figs. 223 and 224. In essential characteristics it resembles the 

: _ Hawley, the principal point of difference being the substitution 
; ie of a series of firebrick arches in place of the water grates. 


Cc 


PLAN AT B 
5.) 


Fra, 224. 


It possesses two important advantages: first, the absence of 
- any connection with the pressure system of the boiler, thus 
- avoiding trouble from that source; and, second, the brick 
arches act as reservoirs of heat, and do not cool the fires as the 
water grates do. It would be reasonable, therefore, to expect 
higher temperatures, and increased efficiency and smokeless- 
ness. Appended hereto are found the results of two tests made 
_ by the writer on boilers set with and without the Thomas fur- 
ie nace. My expectations as to smokelessness and efficiency were 
fully realized. I had expected some loss in capacity, due to the 
necessarily limited percentage of air-space through the fire- 
brick grates, but in this I was agreeably disappointed. 
The difficulty with this setting thus far has been the short 
life of the grates, varying from thirty days to six months, de- 
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pending entirely upon the character of the service, and the care 
with which the firing is done. Where the boilers are crowded, 
or where the firemen are careless, the arches last but a short 
time. If their durability could be increased to an average of, 
say, four months—which ought to be possible with careful hand- 
ling, if the boilers are not unduly crowded—the small expense 
and trouble connected with their renewal would be fully war- 
ranted by the improved results. Experiments are now in prog- 
ress with a view of securing a more highly refractory material 
out of which to make the grates, and until this is found, no 
extended effort will be made to push the introduction of the 
furnace. 

Another form of down-draught furnace has been developed by 
Mr. J. A. Baldwin, of Benton Harbor, Michigan. It is similarin 
many respects to the Hawley, the principal difference being 
that, instead of admitting the air through open doors above the 
water tubes, it enters through ducts in the masonry side walls, 
thus being preheated to some extent. Part of this air is dis- 
charged above the water grates, and part below them. The 
lower grates, instead of being ordinary bars, consist of perfo- 
rated wrought-iron plates. The preheating of the air should 
be an advantage, if it is not accomplished at the expense of 

some other desirable feature, such as smokelessness, capacity, 
or efficiency. 

Only a few of nore furnaces have been built, and I have had 
no opportunity of examining them myself, but I am told that 
they are doing good work. No accurate evaporative tests have 
been made. 

Another form is that invented by Mr. W. 8S. Plummer of St. 
Louis. Mr. Plummer has all his grate surface on one level, and 
divides it lengthwise into three parts. The two outer parts are 
of the ordinary pattern of up-draught grates, while the central 
portion consists of water tubes connected with the circulation sys- 
tem of the boiler. A solid brick wall blocks off the rear of the 
fireplace, and extends down to the bottom of the ashpit, except 
immediately under the rear end of the water tubes. There are 
two partition walls in the ashpit, running lengthwise, which 
separate the up-draught from the down-draught portion of the 
furnace. The firing is done just as in the ordinary furnace, but 
the only escape for the gases is downward through the central 
water grates. The plan is vo ene on a small 
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scale in St. Louis, and is now being applied to a large boiler 
plant, where its operation will be watched with interest. The 
difficulty would seem to be the necessity for great width of 
grate surface, it being necessary to get the entire amount of 
surface in one level, while, in the Hawley furnace, it is divided 
over two different planes. An increase can, of course, be had 
by lengthening the grates, but this is not always desirable. 

A somewhat similar form is that}invented by Mr. E. M. Bosley 
of St. Louis, and applied in several cases in connection with his 
“incandescent ” internally fired boilers. He divides his fire-box 
into two parts, with the dividing line at right angles to the cen- 
tre of the boiler. The front half consists of an ordinary up- 
draught grate. In the rear of this is a 10-inch front water drum 
or header, extending clear across the furnace, and connected by 
means of 2-inch water grates to a similar drum in the rear. 
An ashpit of the usual form is built under the front grate, and 
a closing-off wall above the rear drum. The fire is burned on 
the front grate in the usual manner, a bed of fire being also car- 
ried on the water grates. The path of the gases is up through 
the front grate in the usual manner, and down through the water 
grates in the rear. A lower ashpit permits access from the 
front to the space underneath the water grates 

Both the Plummer and Bosley forms of down-draught furnaces 
appear to utilize the heating surface of the shell immediately 
overhead to better advantage than the Hawley, but, on the other 
hand, neither of them have the second grate located where it 
will catch and consume the droppings from the water grates. 
So far as I know, no exhaustive investigations or tests of either 
of these types of setting have been made. 

There are other types of down-draught furnace, notably that of 
Post & Sawyer of Boston, which I believe has been applied 
only in connection with their internally fired “ Complete Com- 
bustion” boiler, and which does not use a lower grate. The 
other forms are, in general, modifications of those described 
here, being few in number and relatively unimportant. 

The system in its best shape is not perfect. Much has been 
done during the last few years in improving details so as to 
increase the efficiency, durability, and reliability of the appa- 
ratus, but there is room for further improvements. Even in its 
present condition, however, it is well worthy of the careful study 
of progressive engineers everywhere. = = 
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INSTRUCTIONS FOR THE OPERATION AND CARE OF THE HAWLEY DOWN- 
DRAUGHT FURNACE, TO SECURE EFFICIENCY AND PREVENT SMOKE 
WITH ILLINOIS COALS. 


PREPARED BY WILLIAM H. BRYAN, CONSULTING ENGINEER, 8T. LOUIS. ae} <a 


Fire frequently and in small quantities. Break up the lumps 
to fist size. Fire on the upper grates only, carrying a bed of 
uniform thickness over the entire grate surface. Avoid thin or 
bare spots. 

The proper thickness of fire-bed depends upon the intensity 
of the draught and size of the coal. Lump coal and good draught 
require a thick fire, say 8 to 10 inches, while fine coal and poor 
draught may render it necessary to reduce the thickness as low 
as 4 inches. Don’t let the elevation of the grates at the rear 
deceive you, but be sure the thickness of the fuel-bed is the 
same there as at the front. 

When slicing, be careful that no green coal falls through to 
the lower grates. Do not let green coal get to the under side of 
the upper fire next to the water grates. When slicing push the 
bar between or along the water grates, and draw it back again 
without disturbing the fire. Lift the slice-bar just enough to 
break the caked bed. Use the slice-bar as little as possible. Be 
very careful not to strain the tubes with the slice-bar. 

See that the bed of coal on the upper grates does not get 
either too thick or too thin. The former will reduce the 
capacity, and the latter cause smoke. 

Do not close the upper doors while fresh coal is on the fires. 

Do not reduce the draught by closing the dampers, shutting 
the fire doors, or otherwise, except when absolutely necessary. 

Keep the lower grates well covered, but do not let the bed get 
too thick, nor permit clinker to accumulate. 

Keep the doors between the upper and lower grates closed, 
except when cleaning lower grates, say two or three times a day. 

Admit a small amount of air under the lower grates, except 
_ when they are bare immediately after cleaning. 

When cleaning the upper grates see that none of the water 
‘tubes are uncovered or exposed. The quantity aud location of 
clinkers can usually be determined by running the slice-bar 
through the fire. They can then be loosened and hooked out 
without seriously disturbing the fire-bed. It is better to watch 
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fire-bed at one time. 


grates. 


bare or thinly covered. 


TABLE I. 


Number of boilers in operation................-- 


aoe Dimensions and Proportions.—Kind of boiler..... 
Dimensions of shell, diameter and length..... 
Number and diameter of tubes..............- 
ras Grate surface............ ...area square feet 
Bic Water heating surface............ square feet 
Superheating surface..............square feet 

_ Ratio of grate surface to water heating sur- 


Mean opening of damper (percentage of full 


Chimney dimensions, height and diameter. ... 
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RESULTS OF EVAPORATIVE TRIALS, 


‘<9 


for clinkers closely, and hook them out as fast as they are 
formed, rather than to attempt a general cleaning of the entire 


Do not clean the lower grates when there is much green coal 
on the upper grates. Immediately after cleaning slice the upper 
grates carefully, so as to get a covering of live coals for the lower 


The ashpit should be cleaned as often as is necessary to keep 
it from filling up and obstructing the admission of air to the 
lower grates. Never clean the ashpit while the lower grates are 


Clean as quickly as possible, so as to avoid cooling the fires. 

When cleaning the boilers see that the circulating pipes, and 
front and rear drums, to which the water grates are connected, 
are thoroughly washed out under pressure. Those parts which 
can be examined should be looked into at frequent intervals, 
and those which can be cleaned by mechanical means should 
have frequent attention. Where accessible, the water grates 
should be washed out by inserting a hose into each one. i 
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Made at St. Louis, Mo., on Compromise boilers, with Hawley and common fur- 
naces, at the Wm. J. Lemp Brewing Association, by the Smoke Commission, 
City of St. Louis, to determine their efficiencies and smoke records. 


Common. Hawley. 


1 3 

July 11, 18938 July 11, 1893 
10 8 

2 2 

Clear, Clear. 


Hor. Ret. Flue. 


60” x 24’ 
18—6" 
58 *52.75 
1879 1948 
None. 


324 36.92 
100) 

100x 48 48 
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Kind of furnace. 
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Average Pressures.—Atmosphere, as per barome- —> 
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Steam in boiler, by gauge................ Ibs. = = 97.85 ; 99.58 
Draught suction........ inchesofwater .66 .80 
Average Temperatures.—Of external air, deg. Fahr. ee 89.3 . 89.3 
Of escaping gases entering chimn’y, deg. Fahr. 542.5 
Of feed-water entering boiler.......deg. Fahr. 167.4. 
Of steam in boiler................ deg. Fahr, 336. 887.86 
Cost per ton of 2,000 Ibs., delivered.......... $1.75 
Calorific power by calorimeter, B.T.U. per Ib. 9,722.4 9,976.2 
Theoretical evaporative power, from and at 
212 deg. Fahr., in Ibs. water per lb. coal... 10.07 10.88 
Total quantity consumed................. 24,000 17,200 
Total ash, clinkers, and unburned coal. ...Ibs. 8,204 2,462 
Proportion of ash, etc., to coal....... percent. = 13.35 14.31 
Unburned coal in ash... Ibs. 1,008.3 615 
Total combustible burned.................]bs. 20,706" 
Mean thickness of fire......-........-. inches 
Combustion per Hour.—Coal act’y consumed.. .lbs. 2,400 2,150 
Combustible actually consumed...........1bs. 2,079.6 1,842.25 
Per square foot grate surface, coal.. .... lbs. 41.88 40.76 
comb’ble. . bs. 85.85 34.92 
Per square foot heating surface, coal...... Ibs. 1.277 1.10 
comb’ble. . lbs. 1.11 
Calorimetric Tests.—Quality of the steam (dry 
Am’t of water entrainedinthesteam, percent. = ‘None. 
Amount of superheating........... deg. Fahr. None ad 
Water.—Amount apparently evaporated... ....lbs. 125,982 111,613 
Amount actually evaporated (corrected for 
Factor of 1,086 1.091 
Equivalent evaporation into dry steam from 
and at 212 deg. Fahr................... Ibs. 186,816.45 121,769.78 
Economic Evaporation.—Per pound of coal : 
Water actually evaporated (corrected for en- 
Equivalent from and at 212 deg. Fabr.....lbs. 5.700 7.079 
Per pound of combustible.—Water actually 
evaporated (corrected for entrainment)... lbs. 6.058 7.57 
Equivalent from and at 212 deg. Fahr.... Ibs. 6.560 8.262 
Evaporation per Hour. 
_ Water actually evaporated (corrected for en- 
a Ibs. 12,598.2 18,951.6 
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Equivalent from and at 212 deg. Fahr... .]bs. 18,681.6 15,221.2 
a) _ Per square foot heating surface. —Water ac- 
tally evap’d (corrected for entrainment) Ibs. 6.705 7.162 
Equivalent from and at 212 deg. Fahr.... .Ibs. 7.281 7.814 
Per square foot grate surface. —Water actu- 
ally evaporated (corrected). 217.21 ° 264.48 
Equivalent from and at 212 deg. Fahr.... .Ibs. 235.89 288.55 


Percentage of total calorific power utilized, or 
efficiency per cent. 
Horse-Power. 
Actually developed on basis of 344 lbs. water 
: evaporated per hour from and at 212 deg. 
441.19 
207 
capacity developed is of commer- 
cial cent, 213.1 
hun: Heating surface required to develop 1 horse- 
Smoke Record. 
Mean smoke production on a scale of 100 ei 
Reduct.of smoke by furn. being tested, per cent. om beh RST 
Analyses (Average).—Coal : 
Volatile ‘ 29.506 29.858 
_ Fixed carbon........ ...... 50.304 48.452 
Sulphur 1.360 1.58 
10.23 11.27 
Refuse (ash, clinkers, unburned coal, etc.) : . 
Moisture , ‘ Red. to dry Weight. 
ao Fixed carbon 29.56 28.98 


Gases : 
_ Carbonic oxide. ee 


RESULTS OF EVAPORATIVE TRIALS, 
Made at St. Louis, Mo., on Horizontal Flue Boilers, with and without the 
Thomas Smokeless Furrace, at Christy Fire Clay Works, for Thomas Fur- 

nace Company, to determine their capacity and efficiency. 


Kind of furnace. Common, Thomas. 
Number or other designation of test... 2 
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Efficiency. 
‘ 
Fiat 
None. 
itrogen (by diff.).... 
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Duration 9 9 
Number of boilers in operation 
State of the weather Fair. ‘Ciesien, 


Dimensions and Proportions.—Kind of boiler Hor. Flue. 
Dimensions of shell, «liameter and length....... - 48” x20’ 46" x 20' 
Number and diameter of tubes 4x11" 4x10" 
Grate surface, 9.67’ wide, 4’ long. Area square feet == 38.67 
Water heating surface........ square feet 795 659 
Superheating surface square feet None. 
Percentage of air space in grate. ........ per cent. 45 81.68 
Ratio of grate surface to water h’ting surface..1 to 20.56 17.05 
Mean opening of damper idles of full open- 

100 


as per barome- vik: 
inches 29.681 29.476 
Steam in boiler, by gauge ’ 77.65 74.40 
Draught suction i 


Average Temperatures.—Of external air....deg. Fahr. 23.25 
Of escaping gases entering chimney. ..deg. Fahr. About 900 
Of feed-water entering boiler deg. Fahr. 51.86 
Of steam in boiler. ....deg. Fahr. 822 


Fuel.—Kind of coal ann Mount Olive. 
Size of coal Lump. 
Cost per ton of 2,000 lbs., delivered $1.375 
Calorific power by calorimeter....B. T. U. per Tb. 11,100 
Theoretical evaporative power, from and at 212 ~ 
deg. Fahr., in lbs. water per Jb. coal 11.49 
Total quantity consumed . 10,375 8,000 
Total ash, clinkers, and unburned coal 1,540 1,036 
Proportion of ash, etc., to coal \ 14.84 12.95 
True ash 1,048 
8,835 
6 


Combustion per Hour.—Coal actually consumed.....Jbs. —13152.8 
Combustible actually consumed * 981.7 
Per square foot grate surface, coal............]bs. 29.81 

combustible... .]bs. 25.89 
Per square foot heating surface, coal.......... Ibs. 1.45 
combustible. . .1bs. 1.235 


Calorimetric Tests.—Quality of thesteam(drysteam=1) 
Amount of water entrained in the steam..percent. | 

Water.—Amount apparently evaporated > 46,350 
Amount actually evaporated (corrected for entrain- 

ment) 46,350 
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Factor of evaporation 


Equivalent evaporation into dry steam from and at 
212 deg. Fahr 


Economic Evaporation.—Per pound of coal : 


‘Water actually evaporated (corrected for entrain- 


ment) 
from and at 212 deg. Fahr.. 
Per pound of combustible.—Water actually evap- 
orated (corrected for entrainment) 
Equivalent from and at 212 deg. Fahr. 


Evaporation per Hour. 
_ Water actually evaporated (corrected for entrain- 


from and at 212 deg. Fahr 
Per square foot heating surface.—Water actually 
evaporated (corrected for entrainment) 
_ Equivalent from and at 212 deg. Fahr 
_ Per square foot grate surface.—Water actually 
evaporated (corrected) ................ 
Equivalent from and at 212 deg. Fahr 
Eifficvency. 
gh Percentage of total calorific power utilized, or effi- 
ciency --per cent. 
Water for $1 worth of fuel. .. 
Cost of evaporating 1,000 lbs. of water.......cents 
Coal consumed per horse-power per hour... ...lbs. 
Increase of efficiency made by the Thomas furnace 


Horse-Power. 
- Actually developed on basis of 344 lbs. water 
evaporated per hour from and at 212 deg. 
horse-power 
_ Commercial] rating, at 74 square feet heating sur- 
horse-power 
_ Proportion capacity developed is of commercial 
rating per cent. 
Heating surface required to develop 1 horse- 


55,685 
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i (46.71 
504 
15.38 
43 
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125.67 
150.96 
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169.18 


87.85 


Analyses (Average).—Coal : 
Moisture 


Volatile 
3.28 


100. 
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Since forwarding the paper for publication, in advance of the 


Convention, I have completed two series of boiler trials on Heine 
boilers, of 375 horse-power each, in the plant of the Edison Ilumi- 
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alla Company, St. Louis, and the following is an abstract of es - 
the results : ws 


Kind of furmace........... Biles? Wis Common Hawley Hawley 
April 16,1895 May 15,1895 May 21, 1895 
10 10 8 
Coal, kind Hurricane Mt. Olive. 
Heat Value, B.:T. U.....per pound 11,481 11,455 10,771 
Theoretical evaporative power per Fait 
pound from and at 212°.. 11.89 = «611.86 
Coal per square foot grate surface, was wb ten 
per hour 82.44 28.92 
Water per square foot of heating anys. 
surface from and at 212° 5.40 8.77 bal? «4.16 
Water per square foot per pound 
coal from and at 212° 8.335 spy 8.96 8.22 
per cent. 70.114 peat Ye, 75.54 73.69 
inches -745 .60 


28.75 


It will be noticed that the draught is much less in the Hawley 
trials, due to the boiler being located further from the chimney. 
Better draught would probably have improved the efficiency. 
Nevertheless, there is an increase of about 8 per cent. The drop 
in efficiency, due to inferior coal, is well shown in the last column. 
These results are the best that have thus far been secured with 
similar coal, so far as I am aware. 
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DISCUSSION. 


Mr. Alexander Dow.—In the public lighting plant of Detroit 
there may be seen seven double-deck shell boilers, each of 3,000 
square feet heating surface, with }-inch shells, adapted for 160 
pounds steam pressure, which have been fitted with the Hawley 
down-draught furnace, and further, with a firebrick arch and com- 
bustion chamber immediately behind the furnace. The arch pro- 
tects the shell of the boiler from the direct action of the flame, 
and at the same time maintains the temperature necessary for the 
complete combustion of the fuel. The boilers have internal dia- 
phragms, controlling their circulation, and the uptake of the 
Hawley furnace is carried to the upper drum. The whole design 
is due to Mr. C. C. Peck, of Rochester, N. Y. Four of these 
boilers have been in service. The normal work of the plant re- 
quires, at present, that one boiler be worked nearly to its capacity 
during the hours of street lighting, and the other boiler of the 
pair is kept in reserve, with a banked fire and low steam pressure. 
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the triple-expansion engines of the plant are in service, and the 
boiler is worked at 160 pounds, During the remainder of the 
twenty-four hours there is a very light load, and the pressure is 
allowed to run down to approximately 90 pounds. 

Our experience with our Hawley furnaces dates from February 
1, when they were put in service for heating, and to furnish 
steam for preliminary work. The actual service of the plant dates 
from April 1, but only a small portion of its capacity is as yet 
in use. Tests have been made on the boilers and furnaces to 
ascertain that they met the contractor’s guarantees, but these were 
of a limited character ‘only, and are not suitable for publication. 
Our experience, however, has been varied intentionally ; we having 
tried every manner of firing known to us, and all kinds of soft coal, 
from Pocahontas lump down to a mixture of slack and dust to 
which the seller would not attach a name. We have learned 
definitely that the furnaces will consume any fuel which can reason- 
ably be termed coal, with economy, and without noticeable smoke. 
Further, that-the grates will burn from three to four times the coal 
per square foot of surface that can be burned on plain grates, with 
the same draught and final temperature of gases; in other words, 
that the furnaces will stand severe forcing. We are still experi- 
menting, with a view to finding the most economical grade of fuel, 
and while our data have not been finally correlated, they appear 
to indicate that the most steam per dollar can be made with a 
fairly good quality of coal. The temptation to burn a poor qual- 
ity of slack, at a low price, in such furnaces, is very great, but our 
data, which include all freights and handling, would indicate 
that economy lies with the higher grades. 

Mr. A. F. Nagle—I am glad to see this contribution of 
engineering facts from actual practice. 

I wish to call attention to the low efficiencies obtained in these 
trials. In the first case, with the common setting, only 56.6 per 
cent. was realized, and with the Hawley furnace only 68.53 per 
cent. The escaping gases were precisely the same with eacli fur- 
nace, namely, 540 degrees. The rate of combustion was practi- 
cally the same. If the Hawley furnace produced a more perfect 
combustion, thus increasing the efficiency of the boilers, why 
should not the escaping gases have been of a higher temperature ? 
Would not that be a natural inference? However, I do not place 
too great confidence in the accuracy of pyrometric measurements. 
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But, approximately, they are probably correct, and while the 
temperature is high (540 degrees), this high temperature of itself 
does not account for the low efficiencies obtained. The figures 
given by the author are in agreement with my own experience 
and observation, and I believe there is yet to be made a great 


improvement in burning our western cheap soft coals. 


The Hawley furnace is, no doubt, a step in the right direction, 
but I believe we should attain an efficiency of 80 per cent. with 
the best type of boiler. 

The boilers in this case were not of a type likely to give the 
- most economic results, but owing to the character of the water at 

St. Louis they are a preferred type for that locality. 

Can the author give us any data of the Hawley furnace applied 
to other types of boilers in the city of St. Louis where better 
efficiencies were obtained? Or, to put it broadly, what is the 
highest known efficiency of any furnace with any type of boiler 
using western cheap soft coals ? 

The indications are that these cheap soft coals must be burned 
at a much higher temperature than anthracite coal. It is possible 
that a forced draught may yet become a necessary adjunct to 
furnaces burning this class of fuel, and then with it will come the 
difficulty of procuring durable grates. 

Mr. William Kent.—The last remarks in the discussion of 
this paper of Mr. Bryan’s touch a most important fact—the low 
efficiency of the coals in the West; and the data given by the 
paper, together with those in the concluding addendum, give us a 
clew to that low efficiency. It is that there is not enough heating 
surface provided:in the boilers. In the case in the addendum the 
highest efficiency is got with the least rate of water evaporated 
per square foot of heating surface, and the worst efficiency is 
given with the most rapid rate of evaporation. In some of the 
cases in the paper it would indicate that if the owner of the 
boilers would put in twice as much heating surface, or twice as 
many boilers as he has got, he would make from 10 to 20 per 
cent. saving. And that is the trouble with the whole boiler 
engineering of the West; they put in too few boilers for the work, 
and they are driving the boiler to 8 or 9 pounds of water evapo- 
rated per square foot of heating surface, when they ought to get 
it down to about 4 pounds. 

_ In regard to the question asked in the discussion just read, why 
a boiler that gave only 540 degrees temperature in the chimney 
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should give such low efficiency, it may be said that low ney 
ture in the chimney is often produced by too much air passing 


over through the grates, or through leaks in the wall, and low 


temperature in the chimney is not always an indication of good 


economy. Good economy cannot be obtained without low tem- 
perature in the chimney. But low temperature may be obtained 
by two causes—one, by proper absorption of the heat by the heat- 


ing surfaces of the boiler, and the other by leaks of air through 


the brickwork, and it is for the engineer to find out in each case 
which is the cause of the low temperature. 

Prof. R. C. Carpenter—I think part of the difference in the 
economy of these two plants can be ascertained by examining the 


results of the flue gas analysis. 
of the common boiler there was but a trifle over 54 per cent. of - 
CO., whereas in the Hawley furnace it was 73% per cent. 


It will be seen that in the case 


It is 


considered that about 8 per cent. represents good firing, and any- 
thing else represents rather poor firing, so I think in this case 
that the character of the firing is better in the case of the Hawley 


furnace than in the other. 


There was more air admitted per 
pound of coal consumed for the common furnace than in the case 


of the Hawley. That is sufficient, I think, to account for all the 
I do not believe but that the common 
furnace, with equally good management, would have done as well. 


difference in the results. 


The tests show it was not so well managed. I commend Mr. Bryan’s 
form for reporting a boiler test as an excellent one. 

My. Kent—I ask Mr. Bryan to tell us how the analyses were 
made which show no hydrocarbon in the gases: 


If the gases 


were collected over mercury, and care taken, they would have __ 


found some hydrocarbon. 
Mr. Bryan.—That work was done by assistants from Professor 
Potter’s laboratory. I trusted that entirely to his hands. 


Mr. Kent.—Were the gases collected over the water ? 


Mr. Bryan.—Yes. As to the highest efficiency obtainable, I 
think my addition to the paper would perhaps answer the ques- 
I personally know of no records better than 75.54 with our 
I have collected the results of a large number of 
trials from ordinary boilers, and the average efficiency is 51.33 
The highest result which I have ever obtained on an 
ordinary boiler with the ordinary setting is 60.17 per cent., and 
that, queerly enough, was with slack coal ; 
largely due to extremely skilful firing. 


tion. 


St. Louis coals. 


per cent. 
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but I think it was 
Of course, I attribute a 
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considerable part of the high efficiency shown in the first two __ 
trials on the board to the excellence of the fuel. We have found — 
that the better the coal the better the efficiency. As to the rate 
of evaporation per square foot heating surface, and the rate of coal 
burned per square foot grate area, queerly enough, we have found 
our best efficiencies at these high rates. But it simply proves, 
to my mind, that we have the rate per square foot of grate about 
right. Certainly, if we put in more heating surface, leaving the 
grate as it was, our efliciency should improve ; but the same result 
can be secured by cutting down the grate surface, and this is 
preferable, as our capacity is already ample. 

Mr. EF. D. Meier.—I would like to answer Mr. Kent in regard 
to the greater amount of heating surface. In that first trial, where 
we ran with a plain grate, we made some preliminary tests, run- _ 
ning at a lower rate of combustion, and consequently at a lower 
performance per square foot of heating surface, with a decided 
loss in efficiency. And we found that a performance of 5.4 pounds 
per square foot heating surface represented for that particular case 
the most economical point. We afterwards ran another test—I 
don’t know whether Mr. Bryan has the data here—where we got _ 
84 pounds from and at 212 degrees Fahr. per pound of coal from _ 
practically the same coal, running at just about the same rate— % 
was it a little less or a little higher? 

Mr. Bryan.—Very nearly the sar s—slightly higher. pt 
Mr. Meier.—Then we have another test made with the Hawley _ 
furnace on a boiler of the same size. I do not think either of us has iar - 
the data here. Professor Potter ran that test. Weranthe boiler 
first about 20 per cent. above its rated capacity, and then ran it : : 
at 40, and the efficiency at 40 per cent. above was decidedly better. __ 
I believe that the whole question of the amount of heating surface 
is misunderstood. It depends upon a great many other cireum- _ 
stances what the proper amount of heating surface for a given set 
of conditions will be; and I believe the true solution will be found _ ; 
possibly in adding more heating surface, but not adding itin the __ 

boiler. I believe that we should let the gases escape from the 
boiler at a higher temperature than has been considered the best - _ 
for economy, and then put those gases through some form of — - 
economizer. 

Mr. F. W. Taylor.—May I inquire whether they have ever, on 
those same boilers, let the heating surface remain as it is—which _ 
is, of course, a fixed constant—and diminished the grate area? 
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_ With that combination you get a very high rate of combustion — 


with your present heating surface, which comes to the same thing 
of which Mr. Kent speaks. A diminished grate, with a high rate 


_ of combustion on the grate, and the present heating surface, it 


seems to me would give us a higher efficiency than yet attained, 


_ if Mr. Kent is right, and I think he is. 


Mr. Meier.—We have experimented with that, but there is one 
practical difficulty in the way of it, and that is that in most plants 
with which we have to deal they have occasional demands for 
forcing, and if we were to find the point where the grate itself 
was forced to its highest capacity, and fix its area by that, then, in 
spite of the larger heating surface of the boiler, we would not 
have grate enough for forcing the boiler afterwards. That is one 
difficulty. Another is that you have to have a certain proportion 
between the clear calorimeter area around the tubes and the 
amount of fuel burned, and, consequently, the quantity of the gases 
that passes through this area. Another illustration is found 
right in the experience of this same company ; they have another 
plant where they have a different style of water-tube boilers, from 
which they have never been able to get more than 7.6 pounds, 
whereas we got &.33 there, although the other boilers evaporated 
perhaps only 60 per cent. as much per square foot of heating 
surface. 

Mr. John A. Laird.—With reference to Mr. Kent's criticism of 
our western boiler practice, I would like to give the Society a little 
of our experience in the St. Louis Water Department, with east- 
ern boiler-makers and experts. Some two years ago bids were 
opened for six 300-horse-power boilers. A bonus of $1,500 
was offered for each per cent. the efficiency went above 65 per — 
cent., using Illinois coal; also an equal forfeiture for efficiency 
below 65 per cent. One of the eastern boiler-makers came in 
and made a very low bid, basing it on the anticipated bonus. In 
order to get high efficiency he put a very large amount of heating 
surface in his boiler, something over 3,500 square feet for the 
300-horse-power boiler; also large grate area. The official test 
showed 61 per cent. efficiency, and that test was conducted by 
one.of the leading experts from the East, with the result that the 
eastern boiler-maker’s final estimate was $6,000 less than his 
bid. 

Mr. Kent.—1 lope that my remarks will not be misunderstood 
as saying that plenty of heating surface is a panacea for all the 
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ills of boilers. Notwithstanding what the gentleman said with oe 
regard to getting a very low efficiency out of a boiler with avery 
large amount of heating surface, I want to insist on the fact that 


when you have in the result of a boiler test a very high tempera- 


ture in the chimney, and a very high rate of evaporation per see 


square foot of heating surface, you will have low efficiency, and 
the necessary remedy for that state of things is to increase the 
amount of boilers you have ; not necessarily put in some other 
type of boiler, but add to your boiler plant, so as to get rid of the 
forcing ; and I entirely agree with Mr. Meier that probably the 
best place to put inthe heating surface is beyond the boiler, in an 


economizer, and not in the boiler itself, because you have the _ es 


condition of lower temperature in the water in the economizer. 
which would enable the economizer to absorb the heat better than 
the boiler. But it cannot be too strongly insisted on in the 


West that there has been bad engineering in the last fifty years, oe ; io es 


in being too stingy in the amount of boilers put in. 


Mr. M. L. Holman.—Iit is evident that there is one practical oy 


question with which Mr. Kent is not familiar, in the handling of 
our coals. We, of course, did not make our coal, but at the same 
time we must use it. Now, the thing which most affects the effi- 
ciency when it comes to a duty test is the cleaning of the fire. The 


boiler will show a good efficiency on a short-time test, and the Bas. 


eastern expert, the first time that he works with that coal, will 


discover that after he has run about four hours he has little or no ae 


fire left. He then starts in to clean fires,and loses the steam 


pressure, and the test stops. Now, the thing which operates ie 


against the high efficiencies when you come to get the final 


result is the amount of coal which has to go into the furnace when © iy. 
you are cleaning, and we have in regular work to clean about __ 


once in every four hours. That is the practical point which most 
affects the man who guarantees the boiler. 

Mr. Kent.—Mr. Holman probably assumes that I speak as an 
eastern expert. In the works of Mr. Bauer, at Springfield, Ohio, 


I tested some coal shipped from Illinois. I tested first in Illinois, 
and found the worst record I ever obtained. I burned that coal 
very slowly, and in order to prove that the bad result was not due 


to the boiler, I shipped a carload of that coal to a boiler that had 


a record, at Mr. Bauer’s works in Springfield, Ohio, and inside 
of an hour after we changed from firing the Hocking Valley coal 
to this Illinois coal, they could not run the engine, and we had 
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the same experience exactly that we had in Illinois. So thet I 
appreciate the difficulties that people have in burning Illinois 
coal, and not the least of them is the bad way that the ash 
behaves, in melting, when the temperature is very high, and 
clogging up the grates. Ireported about that coal over ten years 
ago to the Society. You will find an account of it in my paper, 
in Volume IV. of the Zransactions. 

Mr. Meier.—I want to correct Mr. Kent in regard to the addi- 
tional grate area. I made some experiments on that a great many 
years ago. I tried to burn Illinois coal at the rate of 124 pounds 
to the square foot, and the fire went out.. Now, we have never got 
any good records for efficiency from Illinois coal with any kind 
of a boiler when we were burning less than 22 to 25 pounds per 
square foot of grate. 

Mr. Kent.—It was not a question of getting an efficiency, it was 
a question of getting the boiler to run at all. The best record I 
got out of the coal was about five pounds of water per pound of 
coal, and it was necessary to have a large grate in. order to get 
even that efficiency. I do not claim but that if we could have re- 
moved the ash somehow or other then we might have burned the 
coal 45 pounds to the square foot of grate, but it was necessary 
to get it down to about 12 pounds in order to get it to run at all. 

Mr. Laird.—I would like to ask if the fireman who handled this 
coal had ever used Illinois coal before ? 

Mr. Kent.—He was the best fireman I ever saw. 

Mr. Bryan.—I think the subject has been very well covered. 
The necessity for a greater ratio between heating and grate sur- 
face with our coals has impressed itself upon my mind for some 
time past—that is, where the draught will permit. I have not yet 
found a place where I have had too much draught. I may say, 
in answer to Mr. Taylor, that in a number of cases I have tempo- 
rarily cut down the grate surface and improved the results—the 
efficiency. Of course, the point which Colonel Meier mentioned, 
the necessity for the same boiler to work at times at, say, 50 per 
cent. above its rated capacity, spoils all our calculations as to the 
best ratio of heating surface to grate surface for considerations of 
efficiency. 

_ Mr. Rockwood.—I would like to ask Mr. Bryan one question 
with reference to the down-draught furnace—that is, has he any 
experience of accidents with these grates, and is their life short 


or long, and if any accidents, are they serious? 
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Mr. Bryan.*—In the early forms we simply had no end of 

trouble with the flat grate, and when the risers in the rear water- 

box became disconnected. The remedies were found, however, 

_ and troubles nowadays can be attributed almost wholly to impure 

_ feed-water or ignorant handling. If the water is very bad the 

tubes will give out, Of course, occasional accidents happen, by 

_ the carelessness of the fireman in handling his slice-bar, bringing 

a leverage to bear upon them, and springing them in the heads. 

It would, perhaps, be proper to say that, where the feed-water is 

good and the handling is intelligent, the life of the grate is prac- 

tically as long as that of any other part of the boiler. I know of 
a great number of plants which have never had to renew tubes. 

_ The boiler plant of the Public Lighting Station of the city of 
_ Detroit, which Mr. Dow describes, and which most of us have 
visited, presents many points of interest. The combination of 

boiler and setting is, I believe, entirely novel. The capacity of 

- each unit is undoubtedly great, and its economy should be high. 
[trust that Mr. Dow may be induced to give the Society, in due 

time, the results of his efficiency trials. 
I seriously question the desirability of the arches which he has 
added, increasing, as they do, both the first cost. and expense of 
_ maintenance. I see no necessity for them from any point of view. 
Without them the down-draught furnace will give results which are 
all that could be desired in efficiency and smokelessness. I do 
not see that anything is gained by protecting the shell from the 
direct action of the flame; on the contrary, circulation is always 
improved by localizing high temperatures. The arch prevents the 
shell from absorbing its share of the heat, and consequently the 
temperature of the discharge gases is higher. I should expect 

better efficiency without the arch. 

The fact that Mr. Dow is able to evaporate the most water per 
dollar when burning a high grade of fuel is undoubtedly due to 
the fact that freights and handling form so large a proportion of 
the cost of the fuel. In St. Louis we are so close to the coal 
fields that it almost always pays us to burn the inferior grades. 

Mr. Nagle asks why the escaping gases are not of higher tem- 
perature in the case of the Hawley. test. There is undoubtedly 
a higher fire-box temperature, but it is reduced before discharge 
by the higher ratio of heating to grate surface. The low efficiency 
of our coals as usually burned undoubtedly results from the high 
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amount of volatile matter and low fixed carbon. This indicates 
that high fire-box temperatures are essential, and necessitates 
special forms of furnaces. The best results are secured with those 
furnaces in which the heating surfaces are not directly exposed 
to the heat of the fire-bed. Mr. Nagle’s inquiries as to the highest 
efficiency possible are answered in my additions to the paper, on 
pages 794 and 795. 

Since the adjournment of the Convention I have completed a 
series of boiler tests, which throw further light on the question 
of the highest efficiencies possible from water-tube boilers set 
with down-draught furnaces, burning our common southern Illi- 
nois coals. The trial was made on a 250-horse-power Pierpoint 
boiler with Hawley setting, at the Stifel Brewery, St. Louis. The 
coal burned was “Glen Carbon” lump, having a heat value of 10,686 
B. T. U. per pound, and a percentage of ash of 14.68. The rate 
of combustion was 21.5 pounds per square foot grate per hour; 
evaporation 2.55 pounds per square foot heating surface per hour ; 
efticiency, 78.66 per cent.; equivalent evaporation per pound coal, 
8.75 ; temperature of flue gases, 493 ; draught, .27. The boiler was 
run at exactly its rating, the damper being adjusted as required. 
I agree with Mr. Nagle that forced draught is often desirable. In 
one case within my own experience it increased the efficiency 
from 46.8 per cent. to 59.55 per cent. Grate surface of proper 
character and area must be provided. 

Mr. Kent’s suggestion that more he&ting surface be provided 
hardly fits the case. Our present ratios of heating surface to 
rated horse-power meet all the requirements; in fact, they enable 
us greatly to exceed the normal ratings of the boiler. The same 
result can be secured by reducing the grate surface, provided, of 
course, the draught is good. This will give us ‘lower flue tempera- 
tures and higher efficiencies, while still securing the full rated 
capacity of the boiler, and a reasonable surplus. In other words, 
I would reduce the rate of evaporation per square foot heating 
surface per hour, and increase the fuel rate per square foot grate. 

Replying to Professor Carpenter’s criticism of the management 
of the fires, I will say that the firemen were not experts, but each 
fireman handled over a ton of coal per hour; it was hard work, 
particularly for a hot July day. We could notice no difference in 
the skill of the two men; in fact, the efficiency secured from the 
common boiler is so much above the average as to show that the 
fires could not have been handled very badly. It must not be 
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— however, that the Hawley setting is less sensitive to 
poor firing than the common furnace. All our trials of the aown. 1 
draught furnace indicate that, even though indifferently fired, it 
gives better results than the common furnace skilfully fired, other 
conditions being the same. 


As to the composition of the flue gases, 5.41 per cent. of CO, is ie ae: 


above the average when burning our low-grade coals with ordinary — 
furnaces and firing. It is necessary to furnish a large surplus of 


air, and therefore the O and N in the flue gases run high, thus : a 
reducing the percentage of CO, This necessity for air surplusis _ 
not so great in the Hawley furnace, lience the relative increase of _ 


CO,. 
In further answer to Mr. Taylor, I will say that leaving the © 


heating surface unchanged and cutting down the grate surface re- es | 


sults in a marked reduction in the temperature of the stack gases, 


and an improvement in the efficiency. Such a change, however, _ 


involves a reduction in the boiler’s capacity for over-work, which 


is not always allowable. If our boilers could be run at a uniform > be ; 


rate at all times, it would not be difficult to proportion the grate 
surface to the draught in such a way as to insure much higher effi- 
ciencies than are now common. acre! add. 
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eye? (Member of the Society.) 

Ry 2 

_ THe terms “ friction brake” and “ absorption dynamometer ” 
are often used interchangeably, but obviously their meaning is 
not the same. The purpose of a friction brake is to absorb 
power ; that of an absorption dynamometer, to absorb and also 
to measure power. Thus, the mechanism which is commonly 
employed to check the speed of railway trains constitutes a 
system of friction brakes, while the so-called “ Prony brake,” 
though none the less a brake, may properly be termed an 
absorption dynamometer. In its ultimate analysis, every absorp- 
tion dynamometer embodies the elements of a friction brake, 
the former term including the latter, but all friction brakes are 
not absorption dynamometers. 

In an experimental laboratory, equipped with steam-engines 
and other motors, the usefulness of the several machines depends 
largely upon the constancy of the resistance against which they 
are made to work. This resistance, or load, must usually be 
supplied by some form of friction brake, and thus it is that 
apparatus of this class becomes an important factor in experi- 
mental work. The ideal brake should be capable of working 
under any load, from the smallest one appreciable up to the 
maximum for which it is designed; when set for a given load it 
should be able to supply it for an unlimited period, without 
variation ; its action should not expose attendants to discomfort 
or danger; and, if possible, it should not be expensive either 
in first cost or in maintenance. The ideal absorption dynamom- 
eter must add to these attributes some reliable means by which 
the amount of power absorbed in a given time may be observed 
or automatically recorded. It is true that ideal conditions are 
not always necessary to satisfactory results, but, on the other 


*Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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_ not meet requirements which are both reasonable and necessary. 
In the laboratory at Purdue there are now fifteen brakes, which 
together are capable of absorbing more than a thousand horse- 
power. In providing these brakes, no effort has been made to 
avoid multiplying forms, for the brakes, as well as the machines 
to which they are attached, constitute pieces of apparatus for 
the use of students, and, other things being equal, the greater 
the variety the better. None of these brakes fulfils all of the 
ideal conditions already set forth, but it is believed that each 
one described possesses sufficient merit to warrant its mention. 


. 


NOTE CO.N.Y. = 
PENDULUM ABSORPTION ‘DYNAMOMETER. 
Fie. 225. 


Pendulum Absorption Dynamometer.—Prony brakes of simple 
form often give trouble by a vibration of the arm, which in- 
terferes with accurate observations of the load. This vibration 
may readily be controlled by the application of a dash-pot, or, 
probably with less expense and much more success, by making 
the brake arm a pendulum, with a heavy bob at the end, after 
the plan of a Thurston oil tester, and so proportioning the parts 
that the mass of the whole is sufficient to absorb, by its inertia, 
the forces tending to produce vibration. So far as the writer is 
informed, no large brakes have ever been constructed on this 
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hand, it must be admitted that the average friction brake does 
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plan, but a modification of it has been carried out in the case of 
two 10-horse-power brakes at Purdue. One of these, the details 
of which were designed by Mr. Richard A. Smart, junior mem- 
ber of the Society, is shown by Fig. 225, attached to an Otto 
gas-engine. It will be seen that as the brake arm rises it dis- 
places the pendulum B# against the action of gravity, thus fur- 
nishing a load which increases with the movement of the arm. 
The pendulum moves freely, but does not vibrate under the 
action of the forces transmitted by the brake arm. 

The curved scale under the pendulum bob is graduated ex- 
perimentally in terms of horse-power per 100 revolutions. The 


ROPE ABSORPTION DYNAMOMETER. 


Fig. 226. 


4 


whole arrangement is very convenient and effective, its accuracy 
being all that is required for the purpose for which it is used. 

Rope Absorption Dynamometer.—The fact that a wrapping of 
rope around a wheel will serve to absorb and to measure power 
is by no means new, but it is doubtful whether the great merit 
of the rope dynamometer is appreciated except by those who 
have used it, or, indeed, whether the application of the principle 
it embodies is generally understood. 

The common arrangement of a rope dynamometer is shown 
in Fig. 226, which represents one of several small dynamometers 
in daily use at Purdue. The wheel of this brake is provided 
with inside flanges, between which, when running, a small quan- 
tity of water is held. A piece of mgnilla rope placed over or 
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wrapped around this wheel is attached at one end to a spring 
balance secured to a fixed point, and at the other end it sustains 
a weight. Friction being neglected, it may be assumed that, 
when the wheel is at rest, the reading of the spring balance on 
one side will be equal to the value of the weight on the other 
side. When the wheel is in motion, however, it tends to carry 
the rope around with it ; the weight is then raised, and rope is 
fed over to the balance, reducing the tension on the latter. The 
condition of the rope is similar to that of a belt which is trans- 
mitting power ; it has its tight side and its slack side, the for- 
mer being connected with the weight and the latter connected 
with the spring balance. The effective brake load is the dif- 
ference in stress on the two sides of the rope, and the effective 
radius, the distance #.* It will be seen also, that if for any 
reason the slack side becomes too slack, the weight on the other 
side will not be sustained, but will fall back, thus increasing the 
tension on the spring balance, which increased tension, in turn, 
will at once tend to restore equilibrium. By varying the num- 
ber of turns of rope on the wheel, the weight on the tight side 


i may be large, and the reading of the spring balance relatively 


_ very small, a condition which greatly favors the maintenance of 
- aconstant resistance. A rope dynamometer never sticks, and it 
cannot suddenly lose its grip. Its steadiness in action, and 
the constancy with which it maintains a given resistance, are 
features greatly to be desired in any brake. 

In the design of the brakes which remain to be described, an 
effort has been made to secure the elements which give stability 
to the rope dynamometer ; to adapt these elements to conditions 
_ where, inits simple form, the rope dynamometer would not serve ; 
_ and in each case to make the whole brake a piece of apparatus 
possessing greater permanency. In these brakes, also, the plan 
usually followed, of making wooden shoes bear on an iron wheel, 
has been reversed, and iron bands have been made to bear on 
wooden wheels. 

Pipe Absorption Dynamometer.—This dynamometer serves to 


*The work done in a single revolution is 2xRW, and the horse-power is 
ares where R is the effective radius in feet, W the effective load (weight, 


minus the reading of the spring balance), and V is the number of revolutions per 
minute. 
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 Joad a 7j-inch by 15-inch Buckeye engine, and 
power given off at the wheel. An elevation and partial section 
_ are shown in Fig. 227. As will be seen by reference to this figure, 
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the dynamometer consists essentially of arimof 
to the side.of the fly-wheel, and a brake-band composed of four 
pieces of common }-inch steam-pipe. Each piece of pipe com- 
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posing the band has a tee screwed to each end, the eiacaee eis 2 
ing of which provides for the circulation of cooling water through — 
the pipe. The outer end of each tee is closed by a special plug, 
which is connected with the fixed members of the dynamometer. __ 

The general principle followed is that of the ropedynamom- __ 
eter already described, with pieces of flexible pipe taking the —_ 
place of the rope. The pipes constitute a simple form of jack- e 
eted band, and since the rubbing surfaces are of wood and iron, 
a high coefficient of friction is insured. 

The weighing mechanism of this dynamometer is secured to a 
column of 3-inch gas-pipe. A lever, which hasitsfuleruminthe _ 
column, receives the tight side of the band at one end and car- 
ries a weight-holder at the other; the slack side of the band is — 
connected with a -spring balance sliding in a horizontal guide, _ 
this connection being arranged to equalize the tension in the 
several pipes. The cooling water is brought to the brake in a 
3-inch pipe, which branches over the wheel to allow a separate — 
stream to enter each pipe. Other details are well shown by 
Fig. 227. 

In the operation of the brake, the engine is started with the _ 

. band lying loosely upon the wheel. Weights are then put upon _ 
the weight-holder, and the hand wheel, attached to the slack side, — 
is screwed up until the lever is in balance.* 

This dynamometer on a 6-foot wheel easily absorbs 40 horse- — 
power at 150 revolutions, or 10 horse-power per pipe, and at this _ 
power there is but slight wear of the wood. The ratio of the — 
tension of the tight side to that of the slack side, at this power, _ 
is about as 5 to 1. . 

The novelty of the pipe dynamometer consists in the band, — 
which is inexpensive, but effective ; itis evident thatsuch aband — 
may be successfully applied under a great variety of conditions. 

A Belt-driven Brake, the details of which were designed by > Ds cane 
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*The work absorbed by this brake in a given time, as in the case of the rope fame 
dynamometer, is equal to the force exerted through the tight side of the band ag ee 
minus the force exerted through the slack side, multiplied by the space passed _ Tae ; 
over as determined by the effective radius, which extends to the centre of the pipe Wy a 
band. The ratio of the lever arms is as1to3. The horse-power therefore is 
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shaft mounted in n floor-hangers carries two wooden brake — 
and also has upon it a pulley (not shown), which receives the ae 
power that the brake is to absorb. These brake wheels are 24 | 
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inches in diameter, and are each partially encircled by four ente ae 

of j-inch pipe. A suitable arm, carrying a weight-holder at its 
cotnonsiien, has a bearing upon the shaft between the two brake | 
pulleys. The tight side of the band is connected directly with the 
arm, while the slack side is attached, through a system of equal- 


izers, with the piston-rod of a small cylinder, which is hung wil 7 
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trunnions within the arm. Circulation of cooling water through 
the pipes is provided for in the same manner with that of the 
pipe band previously described. In the present case, however, the 
water before entering the band serves to regulate automatically 
its tension, so as to maintain the brake arm in balance. 

The water enters a small balanced regulating valve actuated 
by the movement of the brake arm, thence it passes under press- 
ure to the lower end of the trunnioned cylinder, where, by its 
action on the under side of the piston, it serves to take up the 
slack in the brake bands. By a small orifice in the piston the 
water passes from the lower to the upper end of the trunnioned 
cylinder, thence by piping to the brake bands, from which it 
finally flows in an open stream, carrying with it the heat developed 
by the friction of the bands. When the brake arm falls, the bal- 


anced valve opens and the pressure in the small cylinder is 


SECTION OF BAND SHOWING CONSTRUCTION OF WATER JACKET. 
Fig. 231. 


_ thereby increased.. An increase of pressure in the cylinder in- 
creases the tension of the band, and this tends to again raise the 
arm. If, on the other hand, the arm rises above its normal posi- 
tion, the supply of water is reduced, the band is slackened, and 
the arm falls. This brake is portable, self-regulating, and has 
_ aneffective water-jacket. At 300 revolutions a minute it readily 
absorbs 35 horse-power. 

Brake with Sheet-Steel Band and Water Jacket.—While the use 
of pipes, as already described, gives a cheap, simple, and effec- 
tive jacketed band, there are other forms which are still more 

simple. Fig. 229, from a photograph, shows the general arrange- 

- ment of a brake as fitted to a pair of Baldwin compound loco- 
motive engines. The apparatus consists of a jacketed band of 
sheet steel, working over a flat-faced pulley. It will be seen that 
__ the space which can be given to a brake in this case is limited in 
width by the space between the eccentrics, and the brake wheel 

is required to be of small diameter, in order that it may clear a 
cross-bar which connects the side frames. This device is a fric- 
tion brake only ; no provision has been made for measuring the 
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amount of power absorbed. Two views of the brake are shown 
by Fig. 230. 

The brake wheel consists of a heavy split wooden pulley, 24 
inches in diameter and 20 inches face. Its band is of No. 
12 sheet steel, and is wider than the brake wheel ; riveted over 
it, and serving as a jacket, is a layer of rubber packing backed 
with a covering of stout canvas. A cross-section of the jacket 
is shown by Fig. 231. The steel band is riveted to cast-iron end 
pieces ; these are tapped for pipe connections for the jacket, and 
receive bolts by which the band is secured {Fig. 230). 

This construction provides, at very small cost, a jacketed 
band which is strong, tight, and flexible. 

The cross-brace, A, already referred to as limiting the size of 
the brake wheel, is reénforced by the flanged casting B, and 
made to serve as the fixed point for the brake. The band con- 
nects with the casting B through the intervention of rubber 
springs, as shown (Fig. 230). When the engine is run “ over,” the 
two outside springs receive the stress transmitted by the tight 
side of the band, the middle spring serving only to maintain the 
tension of the slack side. When the engine is run “under,” 
these conditions are reversed. The rubber springs allow but 
slight movement of the band, but give to the brake all the 
steadiness which characterizes the action of the rope dynamom- 
eter, of which, indeed, it is a type. 

Steel Brake Band, with Spray.—Fig. 232 shows an absorption 
dynamometer which serves to load, in part, a triple-expansion 
Corliss engine. The brake wheel is a heavy split wooden pulley, 
4 feet in diameter and 16 inches face. A double lever arm 
has bearings on the shaft on either side of the wheel, and 
receives the ends of the brake band. The band consists of a 
piece of sheet steel, to the back of which is secured a layer of 
iron-wire netting. Water is sprayed upon the band over the top 
of the wheel and at a point close under the brake arm at J. 
The spray is received into the interstices in the netting, and, by 
capillary action, is held in contact with the band which is to be 
cooled ; the water flows in an even film over the top of the band 
to its under side, from which point it drops off into a pan and 
is drained away. A cross-section of this band is shown by Fig. 
233. No water reaches the brake wheel, and the band being 
practically always at rest, there is no throwing of water. If too 
little water ” used steam rises from the band ; on the 
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presence of the open jacket is not noticeable. “There is no 
23 annoyance from the open stream of water, in the manipulation 
of the brake or of the engine to which it is. attached. 
_ While the performance of this brake leaves very little to be 
desired, its great merit is to be found in its inexpensiveness. 
_ Alden Brakes—This paper would be incomplete did ‘it not 
- contain some reference to the Alden brakes at Purdue, a com- 
plete description of which was published in the 7ransactions of 
the Society for 1892.* At the time of the publication referred 
to, however, but little was known concerning their action, 
whereas they have now had three years of service. 

Purdue’s Alden brakes, four in number, are rated at 200 
_ horse-power each, but they have been worked at higher power. 
Pa 3 ‘Two of them have served as a load for the locomotive during 
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SECTION OF BAND SHOWING FOR RECEIVING SPRAY. 
Fic. 238. Siti 


1,500,000 revolutions, which are equivalent to a distance of 5,000 
miles. The other two have had about half this service. Each 
_ brake consists of a cast-iron disk 56 inches in diameter, revolving 
between two fixed copper plates. The space between the copper 
plates which is not taken by the moving disk is filled with cyl- 
inder oil, and provision is made for the circulation of the oil 
from the circumference to the centre of the brake ; this provides 
for the lubrication of the rubbing surfaces. The load is regu- 
lated by water, which circulates behind the copper plates, and 
serves the double purpose of carrying away the heat developed 
and of maintaining a pressure of contact between the plates and — 
the moving disk. 

Concerning the working of these brakes, it may be said that 
they are frequently run at speeds as high as 300 revolutions, 
which speed, together with their large diameter, gives a high 


” 


* ‘An Experimental Locomotive,” vol. xiii. See also ‘‘An Automatic Ab- 
sorption Dynamometer,” vol. xi., Zransactions of the Society. 
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velocity to the surfaces in contact. The water pressure seldom 
exceeds 15 pounds per square inch, which is slight compared 
with the ordinary pressure of bearings. There is no wear of 
either the copper plates or the cast-iron disk, for it is evident 
that while the friction is nominally between the cast-iron and 
the copper surfaces, the work is chiefly done upon the oil. Ex- 
perience has shown, also, that, within limits, the power absorbed 
depends quite as much upon the temperature of the oil as upon 
‘the water pressure. Thus, if the volume of cooling water pass- 
ing the brake is increased, without increasing its pressure, the 
temperature of the brake is lowered, the oil becomes more 
viscous, and the resistance offered by the brake is increased. 
Within limits, better results are obtained by regulating the tem- 
perature than by regulating the pressure. 
These brakes furnish, for hours at a time, a resistance which 
is marvellously constant, and their whole action is very nearly eae 
- Mr. George I. Rockwood.—I would like to ask Professor Goss ee 
if there is any brake illustrated which is not alsoa dynamometer. 
4 Professor Goss.—The brake which I have described as being 
used in connection with the Baldwin compound engine will not, 
in its present form, serve for measuring power. It is a friction 
brake only. The Alden brakes also, which are referred to in the 
paper, constitute a part of a somewhat complex plant ; they serve 
to absorb power, the value of which is determined by means of 
_ apparatus which is entirely apart from the brakes. 

Mr. Rockwood.—I asked that question because one might 
gather that the Alden brake could not be a dynamometer, and I 
merely want to correct that impression, and to say that Alden 

brakes are used as dynamometers, although it may be possible that 
the brakes under the Purdue locomotives are not dynamometers. 
Prof. D. 8. Jacobus.—We have found the rope brake very effi- 
cient and steady, under quite large, as well as under small, loads, 
A short time ago we had occasion to make a trial of an engine as 
Ss it stood on the testing-block in the shop where it was manufact- 
ured, and we had to provide a brake which would absorb 125 
horse-power when placed on a 72-inch fly-wheel running at 150 
revolutions per minute. The brake was constructed as shown in re 
Fig. 234. The frame, Z, is made of such a size that the two up- _ = i. 
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right pieces pass each side of the fly-wheel, A. This frame stands © 
on a pair of platform scales, /. At the lower portion of the frame 
there is a cross-piece which holds the lower ends of the two ropes. 
The ropes pass around the wheel, and the upper ends are spliced ~ 
so as to pass over a pair of hooks at the end of the screw, D. The 
screw, J), is moved up and down by means of the hand-wheel, C., 
By tightening the hand-wheel, C, any desired tension can be pro- 
duced in the rope, and the amount of friction regulated. The 
difference in tension which the friction produces in the ropes is 
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measured by the increase of the load which bears on the platform 
scales. 
In this particular case we ran one test of six, and another of 


' three and one-half hours, and made a number of shorter runs, 


and had no trouble with the brake. 

The inside of the rim of the fly-wheel was cast with two flanges, 
so there was a hollow space. This space was filled with water, 
which was held in by centrifugal force. The water gradually 
boiled away, and the loss from this cause was made up by con- 
tinuously adding afresh supply. In this particular case, with 120 
to 150 horse-power, we had to add a little water on the outside of 
the wheel to prevent the rope from charring, whereas, in general, 
this is not necessary. The rim of the fly-wheel in this case was 
nearly 5 inches thick, so that the transmission of heat was proba- 
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bly considerably retarded. We have used the rope dynamometer 
in the test of a steam turbine in which the driving pulley ran at 
1,550 revolutions per minute, and in that particular case we also 
had to put a little water on the outside of the wheel. eats 
The rope brake runs very steadily, and we find it thoroughly 
reliable and convenient for use in temporary work. Itwasex- __ 
perimented with, and described in the Stevens Indicator, by Pro- 
fessor Denton, about six years ago, and we have used it in a great 
variety of work since that time. 


Another form of dynamometer is shown in Fig. 235. This was 
designed by Mr. F. M. Leavitt, to be used on a Whitehead tor- 
pedo, where there was less than 30 seconds in which to record the 
whole operation, and there was about 20 to 45 horse-power to 
absorb and measure. An ordinary brake could not be adjusted 
to give reliable readings in so short a time, so that a special form 
was designed, in accordance with the suggestions of Professors 
Webb and Denton, in which all the power was absorbed by the 
friction of the water. The brake was constructed as follows : 

Four steel disks, 24 inches diameter, and about 4 of an inch in 
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thickness, were fastened to a vertical shaft. These disks were 
made to revolve in a cast-iron cylindrical box, to which was 
- attached 8 steel disks, so that they came between the 4 disks on 
_ the shaft without touching them. The space for water between 
_ the disks was about y, of an inch. The hub at the centre was 5 
ae inches in diameter. Water was poured in through a hole in the 
__ top of the cast-iron box, the cover of which was made perfectly - 
— The engines ran at from about 600 to about 1,200 revolu- 
tions per minute. 
The advantage of this brake is that it can be calibrated so that 
- every pound exerted at the end of the lever arm corresponds to a 
hla horse-power. The amount of resistance varies as the 
_ square of the revolutions. Hence, if we determine the pull on 
the scale at D, and the horse-power for any given number of 
- revolutions, we can calculate the horse-power corresponding to 
any given force at D. 
te The brake was, therefore, capable of indicating the horse- 
_ power, second by second, during the short interval of time which 
the engine ran, without requiring a determination of the speed. 
re * Leavitt made a number of tests, which proved that the 
ae moment of resistance varied as the square of the revolutions for 
_ a range in the number of revolutions which existed in his experi- 
ments, and constructed a formula for calculating the horse-power 
from the weight indicated at the end of the lever arm, without 
regard to the number of revolutions. 
Mr. Whitney.—I would like to ask in what direction the rope 
 Prony-brake wheel revolves? 
Professor Jacobus.—The wheel revolves in the direction of the 
arrow. If we wish to revolve the wheel in the other direction, 
a a are unable to set the frame on the other side of the wheel, so 
_ that the force exerted by the friction will bear downward on it, 
a weight can be placed on the lower part of the frame, and 
ee % arranged with safety catches, so that if the brake is made too 
tight it will not lift the weight. The diminution of the weight 
- registered on the scales then gives the force to be used in calcu- 
lating the horse-power. In the case of most engines, however, 
i: : there is room enough to place the frame at either side of the fly- 
wheel. 
‘ = _ Mr. Whitney.—You said in one case there was an automatic 


feature, and in the other there was not. 
Professor Jacobus.—I do not see what you mean by an auto- 
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matic feature. There is nothing more than a direct tension 
betweeh the hooks at the end of the screw, D, and the cross-piece 
which holds the lower ends of the two ropes. Therefore,, no 
matter which way the wheel runs there is virtually the same 
action, if the weight of the rope is not considered. The effect 
of the weight of the rope is small, because it has to be strained 
up very tight in order to produce the necessary friction. It 
might be asked why the screw JD is placed at the top, where it 
is subjected to the greatest tension, instead of at the bottom. 
The reason is, that in most cases it is more readily handled when 
above than it would be if placed below. 

Mr. Whitney.—I think a screw at the lower end would have a 
decided ‘difference. 

Professor Jacobus.—There would bea difference in the 
amount of force exerted on the screw, but there would be no 
difference in the readings of horse-power. It would require a 
less force if placed below than it would if placed above. Another 
reason for placing the screw above is that, should the rope tend 
to grip on the wheel, it would produce more effect in some cases 
to loosen the tight end than it would to diminish the strain on 
the loose end. I doubt, however, whether this effect would enter 
_ strongly, because in one case we ran a brake with the tightening- 
. wheel on the slack end of the rope. 

Mr. Kent.—How do you increase the load on the Leavitt 
dynamometer ? 

Professor Jacobus.—It could be adjusted by placing various 
amounts of water in the cylindrical box. _ 

Mr. Kent.—Is it a constant load ? ar et 

Professor Jacobus.—No, it is a dynamometer in which the 
moment increases as the square of the revolutions. Therefore, 
the weight registered at the end of the lever arm indicates 
directly what the horse-power is, without counting the revo- 
 Jutions. 

Mr. Angus.—Didn’t you have trouble with the rope dynamom- 
eter when you used water on the outside ? pee” 

Professor Jacobus.—No, there was no trouble whatever. 

Mr. Kent.—Was the rope greased ? 


Professor Jacobus.—There was no grease on the rope. The | 


rope, after being run for about eighteen hours in one position, 
wore flat where it bore on the wheel, and the reading of the 
scale fluctuated more than at the beginning of the test. If the 
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- rope were run long enough in one position it might, therefore, 
_ wear so flat that it would produce trouble by gripping the’ wheel. 
On turning the rope over the excessive fluctuations were elim- 
inated. 
Mr. E. J. Willis.—For the last two years I have used the rope- 

brake to which Professor Jacobus has called attention. All our 
self-contained engines are thus tested before leaving the works. 
--Tt is cheap, reliable, and, above all, quickly adjusted to different 
diameters of pulleys. It is especially convenient for going out 
on a test, as it is portable, and, in case of emergency, one can 
generally be built on the spot. The usual mistake is to use a 
rope too small, which wears out much quicker than a large one. 
I have taken 80 horse-power for six hours off a 42-inch pulley 
with a brake of this character, without the slightest trouble with 
the brake. 
ss Professor Jacobus.—I will add one thing, to show how steadily 
a rope-brake can be worked. When we finished the regular tests, 
__ we blocked the governor and opened the throttle gradually until 
the brake registered 145 horse-power, and then ran constantly at 
this figure. The brake was adjusted by a party who was guided 
by a tachometer attached to the engine, and the variation between 
the greatest and least number of revolutions per minute, as 
registered by a box counter, which was read every two or three 
- minutes, was three revolutions per minute. 
_- Mr. Henning.—Does the liquid pressure in the Leavitt brake 
gnerease the friction ? 

Professor Jacobus.—The friction of water has never been con- 
sidered to vary with pressure. The coefficient of friction which 
corresponds to Mr. Leavitt’s experiments is 0.0012, which is 
about one-third of the ordinary figure. In the case in question 
we have a thin layer of water, whereas in the ordinary experi- 
~ ments on the friction of water a plane surface is drawn through a 
large tank of water, so that the two factors may not be the same. 
The above coefficient might be employed in calculating the 
approximate size of the brake, after which it could be adjusted 
to the particular load by placing various amounts of water in the 
cylindrical box. 

The following formula, by which the moment of resistance pro- 
duced by the brake can be calculated, is based on Mr. Leavitt's 
experiments : 
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In which, 
M = moment produced by brake in foot-pounds. 


D = number of revolving disks. ducat og ee 


JV = number of revolutions per second. VE 
= radius of disks, in feet. an 4 
F, = radius of hub, in feet. 

Professor Goss.*—It has been suggested that my reference to 
the Alden brake may be misleading, that I have failed to state 
that the principle of the Alden brake may be made to serve in a 
dynamometer. It is but proper that I state, in explanation, that 
the paper is a description of certain new brakes and dynamom- 
eters. The reference to the Alden brake is incidental; it is a 
statement concerning the performance of apparatus, a description 
of which has already been given to the Society. This fact will 
account for the brevity of the present reference. It is to be noted, 
also, that the paper calls attention to Professor Alden’s descrip- 
tion of his “ Automatic Absorption Dynamometer,” which I had 
hoped would serve to prevent impressions of the kind referred to. 

I would add that we have at Purdue an Alden automatic 
absorption dynamometer, which has been in use for several years. 
I have never found anything that equals it in maintaining a con- 
stant load. Its automatic regulation is perfect. 

With reference to the use of water in connection with rope 
dynamometers, I would say that we have taken 8 horse-power 
from an 8-inch wheel, running 2,500 revolutions a minute, and on 
another occasion, 50 horse-power from a 48-inch wheel, running 
175 revolutions, the cooling being accomplished in both cases, for 
several hours in succession, by the use of water on the rope. 
When water is used in this way it is desirable that it be supplied 
at a constant rate, since it not only cools, but lubricates, the brake, 
and any change in the quantity supplied necessitates an adjust- 
ment in the tension of the rope. 

The President.—May I ask you does your paper state what sized 
pipe you used, and of what material your pipe was? 

Professor Goss.—The diameters are given. We have used 
quarter-inch and three-eighths-inch common steam-pipe. The 
diameter must be small in comparison with that of the wheel upon 
which the pipe isto work, otherwise it will not be sufficiently flexi- 
ble. It is necessary, also, that the pipe be rolled or very carefully 
bent to the required curvature. A short kink will so localize the 


* Author’s closure, under the Rules. ty 
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pressure of the band on the wheel as to cause the latter to wear 
away rapidly, while, if the band is once carefully formed, there is 
no trouble whatever. 

Wooden brake-wheels, whether for pipe or for sheet-steel bands, 
should present an unbroken surface to the band. In our early 
experiments we used a split pulley, which, after being bolted up, 
presented an open. joint across the face. The joint was not 
over a sixteenth of an inch in width, and nothing was thought 
of it at the time. But after running a heavy load on the brake 
for four-or five hours, we had fire in the joint. It is evident that 
fine, highly heated particles of dust or wood found lodgement 
in the joint, and these, being beyond the cooling influence of the 
band, communicated their heat to the wood with which they were 
in contact. The defect was remedied by closing the joint with 
wedges dipped in glue and well driven in. Nail-holes were 
plugged in the same way, and every fault in the face of the pulley — 
corrected. After that there was no trouble with fire. 

We have found, also, that all wooden wheels should be well 
filled with heavy oil or grease 
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BY GEORGE M. BRILL, SYRACUSE, N. Y. 
Data may be found in several of the engineers’ handbooks. _ 
upon the condensation of steam in pipes covered with various 
materials, due to the radiation of heat into the surrounding air. 
Perhaps many of the materials mentioned in such tables were 
practicable enough at the time the experiments were made, when 
steam pressures were but a fraction of those carried now; but 
even the elaborate series reported in our own volumes of T’rans- 
actions + might need revision to-day with the present require- 
ments of pipe-coverings. Much of such data results from trials 
of small pipes and short lengths, and there is more or less given 
without a word of explanation regarding the conditions under 
which they were taken, making its value questionable. Also the 
wide range of materials, and the éomplicated mixtures used at 
present, prevent the making of any accurate deductions, even 
with full data concerning the values of the well-known non-con- 
ducting materials. 

Reports of results obtained from tests of pipe-coverings may 
be had from any maker or dealer in this line of goods. But 
while each list may show comparisons of practically the same 
coverings, the special covering sold by any dealer invariably 
stands at the head, is said to be from 20 per cent. to 50 per cent. 
better than any others, and statements are made to show that 
the coverings sold by competitors are scarcely worthy of consid- 
eration or comparison. With such directly conflicting and con- 
tradictory data, little or no dependence can be placed upon many 
of the results published in this manner, and one is at a loss to 
know which is the most efficient and economical, if not possessed 


* Presented at the Detroit meeting (June, 1895) of the American Society 
of Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+ Transactions of the American Society of Mechanical Engineers, Vol. Il., Emery, 
p. 84, No. 21; Vols. V. and VI., OrpDway, No. 185, No. 145, No, 164. 
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edge of the materials forming their composition, and their relative 
non-conducting values. 

In view of these facts, it was decided by the Solvay Process 
Company to make a series of tests of pipe-coverings, and deter- 
mine the relative non-conducting values, compare original costs, 
saving due to covering, cost to apply, and from their physical 
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ARRANGEMENT OF APPARATUS FOR Pipe COVERING TESTS. 
and chemical compositions form some idea of durability, and, 
taking all the features into consideration, determine for our- 
selves which is the most economical for general use. 
For the purposes of these tests about 60 feet of standard 
8-inch wrought-iron pipe, coupled together in order to make 
it smooth and regular, was suspended where it could not be 
subjected to currents of air (Fig. 236). In order to get the steam 
as dry as possible it was sent through a separator on its way 
to the test-pipe, and in the short connection between the sep- 
arator and the pipe was placed a throttling calorimeter. The 
test-pipe had an inclination of 1 foot in its entire length, which 


Of some experience in the use of various coverings, ora knowl- 
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insured drainage of all the water of condensation to the lower 
end, at which point the receiver was connected, and into which 
the water gravitated as rapidly as formed. The water was 
measured in this receiver, which consisted of 4 feet of 12-inch 
pipe, with graduated water-glasses attached near the top and 
bottom. The same volume of water was allowed to collect each 
time, was measured under the steam pressure, and blown from 
the receiver at the end of the run. A careful determination was 
made of the amount of water collected, by weighing the same 
volume while cold, and correcting for difference in weight due to 
the difference in temperature for the respective runs. 

These tests were made upon a scale large enough—in fact, upon 
a pipe of the size and length which is very common in the aver- 
age power plant—with sufficient care, and in a manner to insure 
accuracy in the results obtained, and are consequently of some 
interest and value to all users of steam—the interests of the user, 
not the maker of pipe-covering, being of first importance in these 
tests. 

The method of testing was to place a covering upon the body 
of the pipe in a workmanlike manner; put steam pressure upon 
the pipe for some time before commencing a run, thus being 
certain that the covering was thoroughly warmed, or dried, if 
put on wet; allow sufficient water to be formed to show at the 
zero mark on the receiver water-glass, and note time-of begin- 
ning the run. As the steam was condensed and collected in the 
receiver readings were taken at regular intervals of the temper- 
atures in the room and calorimeter; the steam pressure was 
recorded on a Bristol gauge and checked by a test gauge; the 
temperature of the water in the receiver at the end of the run 
was obtained from 5 thermometers in 3-inch pipes of different 
lengths, reaching down from the top flange, so placed as to 
give the temperatures at 5 different points in the water. The 
run was ended and time noted when the water had risen 30 inches 
in the receiver. The same method was followed in the case of 
every covering tested. Three runs were made with each—more, 
if for any reason there was a marked difference in the period of 
time required to fill the receiver ; thus each kind of covering was 
given the same opportunity to show its merits. The log gives 
the actual figures as obtained, and Fig. 236 shows the arrange- 
ment of piping and connections. 

As stated above, the body of the pipe was covered with vari- 
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PIPE-COVERING TESTS. 


ous thatorials 5 the flanges at the ends, the receiver and the con- 
nections between the separator and the test-pipe and between 
the pipe and the receiver were not covered. After finishing the 
tests of the coverings and the bare pipe the flanges were removed 
from the test-pipe, and without changing any of the connections 
to them they were bolted together, and pressure was thus put 
upon the connections, and through them and the flanges upon 
the receiver. The rate of condensation was thus determined for 
all the uncovered portions of the system, and formed a correc- 
tion for the various runs, after determining the pounds of dry 
steam condensed per degree difference in temperature per minute. 

The slight variations in the steam pressures, room tempera- 
tures, and qualities of steam are all taken into consideration in 
working up the data, so that results are finally given upon a 
basis which enables direct comparisons to be made. 

The following coverings were tested in the forms as usually 
applied to 8-inch pipe. Hair Felt was tried, not only alone, 
but over another covering, to determine the saving due to the 
combination, and whether advisable to use it in this manner. 


NAME. SoLD BY 
Magnesia......... & Mattison, Ambler, Pa. 
Rock Wool... ........++++++0.++-New York Fire Proof Covering Co., New 
York. 

Mineral Wool .............. ....Seacord & Dodson, Batavia, N. Y. 
Asbestos Fire Felt.............. H. W. Johns Mfg. Co., New York. 
Manville Sectional.............. Manville Covering Co., Milwaukee, Wis. 
0.64 0.0000 H. W. Miller & Sons, Philadelphia, Pa. 

Champion Mineral Wool........Chicago Fire Proof Covering Co., Chicago, 

il. 
Sin Riley Cement....... Riley Brothers, Tfoy, N. Y. 

Fossil Meal Co., New York. 


In the log is given, under Steam, gauge pressure, temperature 
in degrees Fahr., and quality, as shown by the calorimeter ; under 
Temperature, the temperature of the air surrounding the pipe 
and the temperature of the water in the receiver at the end of 
the run; Length of Runs in Minutes; under Pounds of Steam, 
the weight of the water actually collected. in the receiver, and 
the same corrected for moisture, as shown by the respective 
calorimeter determinations. The average data obtained during 
each run is given, and also the average of the runs. In working 
out the results the latter only are used. mene 
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KIND oF 
CovERING. 


STEAM. 


TEMP. 


Temp. 


Water. 


PouUNDs oF STEAM. 


Bare Pipe 


Average..... 
Rock Wool 


Average..... 
Mineral Wool.... 


Average 
Fire Felt 


Average 
Manville Sect.... 


Average... .. 
Manv. Sect. and 
Hair Felt 


Average..... 
Manv. WoolCem’t. 


Average..... 
Champ. Min. Wool 


Average 
Hair Felt 


Average..... 
Riley Cement.... 


Average 
Receiver and Con- 
nections 
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822.7 
821.3 
822.7 
821.8 
322.3 
260.6 
258.3 
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TES’ 831 
Run. 
Press. | Qual.| Air. | Wet. Dry. 
7 | 97.8 | 75 50 | 109.26 | 106.86 4 
112 97.8 | 75 54. | 109.86 106.95 
110 97.6 | 77 50 | 109.26 | 106.64 
109 97.7 | 75 52 | 109.82} 106.81 
Average.....| 110.5 97.7 | 75.5 51.5 | 109.80) 106.79 
Magnesia. .| 110 97.5 | 66 281 | 112.79/ 100.97 
110 97.5 | 70 £86 | 112.94 | 110.11 
110 96.6 | 68 269.7 | 228 | 112.83 108.99 
110 97.2 | 66.8 | 258.8 | 231.7) 112.85 | 109.69 
| 110 97.8 | 63 | 249.8 | 200 | 118.37/ 110.88 
= 110 97.4 | 63 | 250.8 | 286 | 118.85 | 110.40 
110 96.7 | 638 | 251.6 | 280 | 113.27| 109.58 
110 97.8 | 68 | 250.7 | 285.3) 118.38 | 110.27 
7 110 96.8 | 50 | 254.7 | 257 | 118.12 | 109.50 | ahs 
110 96.5 | 64 | 252.5 | 2738 | 118.28/ 109.26 
110 97.0 | | 253.9 | 264 | 118.19 | 109.79 
.| 110 96.8 | 58.8 | 258.8 | 264.7) 118.17| 109.52 
.| 111 97.4/ 79 | 264.2 | 208 | 112.56/ 100.68 
111 97.6) 79 | 263.5 | 207 | 112.65/ 109.95 = 
111 97.4 79 | 263.7 | 205 | 112.61) 109.68 
111 | 3449 | 97.5 | 79) 268.7 | 205 | 112.61] 109.79 
112 34591 97.38) 79 | 255.2 255 | 118.10/ 11005 
118 | 345 | 97.8 | 75 | 255.2 | 255 | 118.10 | 110.05 
112 97.2 | 81 | 255.6 | 254 | 118.04) 109.87 
112.8 97.3 | 78.3 | 265.2 | 254.7 118.08 | 110.08 
115 97.5 | 78 | 244.4 | 380 | 118.70 | 110.86 
110 197.4 | 70 | 245. | 320 | 118.72 | 110.76 
109. 97.8 | 73 | 246.2 | 316 | 118.74 | 110.67 
111.3 97.4 | 72 | 245.5 | 822 | 118.72 | 110.76 
a 109 97.1 | 81 254.3 | 262 | 118.15 | 109.87 as 
109 071/81 | 254.7 | 260 | 113.10 | 109.82 
110 i 81 | 254.7 | 260 | 113.10 | 109.82 
109.03 81 | 254.5 | 260.7) 113.12 | 109.84 
114 7 | 264.3 262 | 118.15 | 109.42 
112 45 73 | 254.3 | 262 | 118.15 | 109.42 
ie 114 | 346 7 | 254.1 | 263 | 118.18) 108.74 
= P| .| 118.8 | 346 74.3 | 254.8 | 262.8) 113.15 | 109.19 
sy -| 119 | 349 68 | 261.9 | 217 | 112.69 | 110.10 
117 348 70 | 261.9 | 216 | 112.69 | 110.32 
Ag 118 | 847.1 69 | 261.0 | 220 | 112.75 | 109.87 
117 348.3 69 | 261.7 | 217.7] 112.71 | 109.89 
117 348.3 7% | 299.8 | 118 | 110.62 | 107.68 
117 848.3 4/75 | 296.6 | 126 | 110.74 | 107.88 
115 | 347.1 | 97.5 | 738 | 296.2 | 127 | 110.79 | 108.02 
ae Average.....| 116.3 | 347.9 | 97.4 | 74.8 | 297.1 | 125.7) 110.72 | 107.84 
a Fossil Meal......} 116 847.7 | 97.5 | 72 295.2 | 181 | 110.85 | 108.08 
117 | 348.5] 97.6 | 77 | 204.4 | 183 | 110.91 | 108.24 
112 | 345.8 | 97.6 | 77 | 293.5 | 185 | 110.91 | 108.24 
oe po 115 | 847.1 | 97.6 | 75.8 | 294.4 | 188 | 110.89 | 108.19 
: 116 | 847.7 | 97.5 | 72.5 | 222.8 | 578 | 114.89 | 112.09 
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Referring to the data obtained from the trial of the receiver 
and connections it is seen that 112.09 pounds of dry steam were 
condensed during the run of 573 minutes, which gives .1956 
pounds dry steam per minute, and .00071075 pounds of dry 
steam condensed, due to the receiver and connections per de- 
gree difference in temperature per minute. Multiplying this by 
the average difference in temperature of the steam and sur- 
rounding air in each case, and this by the duration of the cor- 

responding run in minutes, gives the pounds of dry steam 
condensed by the receiver and connections during the various 
trials. The pounds of steam condensed during the runs, cor- 
rected by these amounts, gives the dry steam actually condensed 
by the radiation of heat through the coverings. Table A 
shows these results. 


“ 


Dry STEAM, CONDENSED. POUNDs. 
Dif. in AVERAGE OF Runs. 
KINnps oF CovERING. | By | By PerHour 


| and Air. Total. | Radiation) Throngh 


and Con- Through | Covered 
nections. Covering.| Pipe. 


Bare Pipe q 9.84 | 106.79 | 96.95 | 112.951 
Magnesia ‘ .7 | 45.75 | 109.69 | 63.94 | 16.558 
Rock Wool 57.00 | 110.27 53.27 11.263 
Mineral Wool 4 53.77 | 109.50 | 55.73 12.6382 
Fire Felt ‘ 88.90 | 109.79 | 70.89 | 20.748 
Manville Sectional s 48.37 | 110.03 61.66 14.525 
ManvilleSectional and Hair Felt) 272. 62.46 | 110.76 48.30 9.000 
Manviile Wool Cement........ I 48.18 | 109.84 61.16 14.076 
Champion Mineral Wool ” 50.67 | 109.19 | 58.52 | 13.386 
Hair Felt : 43.22 | 109.89 | 66.67 18.375 
Riley Cement 13. 24.05 | 107.84 83.79 40.641 
Fossil Meal ; * 25.69 | 108.19 | 82.50 | 87.218 


Table B shows (1) the pounds of steam condensed per square 
foot of pipe surface per hour through the coverings as tested, with 
the slightly differing steam pressures and qualities, and room tem- 
peratures ; (2) British thermal units lost per hour per square foot 
of pipe surface ; (3) the same, per degree difference in tempera- 
ture. Having reached a basis upon which to make comparisons, 

shows (4) the British thermal units lost per hour per square foot 
of pipe for the average differences in temperature of steam and 
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PIPE-COVERING TESTS, 


TABLE B. 


B. T. U. TRANSMITTED PER Hour. | Pounds 
Pounds Steam 
Steam 
KINDs oF COVERING. Con. per er Sq. 
Sq. Ft. of | °F | per sq. Ft. on 
Pipe. Act. D |Pipe. Avg.| Hour. 


Actual. onds. in Temp. Conds. | Average. 


..| .8842 | 727.389 736 .546 
Mineral Wool .0938 | 81.330 ‘ 77.468 
Fire Felt .1582 | 133.468 .5023 | 136.726 
Manville Sectional .1073 | 98.415 F 95.161 
Manville Sectional and Hair Felt.| .0664 | 57.841 , 57.679 
Manville Wool Cement .1039 90.580 - 93.855 
Champion Mineral Wool ........| .0989 ; 86.063 | . 86.179 
Hair Felt .1357 | 117.869 . 114.868 
Riley Cement........ 8001 | 260.757 | . 259.434 
Fossil Meal........:.. -2747 | 288.824 239.182 


From the last two columns in Table B are derived the results 
shown in the first two columns of Table C ; the third column fol- 
lows directly from the second. From the third, the savings due 
to the various coverings per 100 square feet of surface per year, 
can be obtained the saving in dollars and cents for any price of 
coal and cost of firing, having the evaporative power of the coal. 
Using $2.44 as the price of coal, and adding 12 per cent. for cost 
of firing, and 7 pounds of water per pound of coal as an evap- 
orative figure, derive the results shown in column four. To 
give a definite idea of the meaning of 100 square feet of surface, 
have appended, in column five, the lengths of the different sizes 
of pipe, with a surface equivalent to 100 square feet. 


* The pipe was 59 feet 11.6 inches long when hot; circumference, 27.096 
inches; the exterior surface was therefore 135.4 square feet. Average pressure 
of steam, 112 pounds ; average difference in temperature of steam and room, 
272.2 degrees Fahr.; average latent heat, 870.8 degrees Fahr.; thickness of pipe, 


.34 inches. 


; (5) the pounds of steam condensed per hour per square 
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ee foot of pipe. The last three columns and all the results follow- —= | 
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Savines To COVERINGS. 


No. ft. pipe to 
Per Hr. per sq. ft. Per 100 sq. ft. per 100 04.5 

KINDs oF COVERING. pipe. Year. 


om an} Lbs. 
B. T.U. ed 


>] 


631.986 | . 635,801 | 110.82 
666.6387 | . 670,666 | 116.90 
658.988 | . 662,957 | 115.55 
599.730 | . 603,389 | 105.17 
Manville Sectional. 641.295 | . 645,174 | 112.45 
Manv. Sect. and Hair Felt..| 678.777 | . 682,930 | 119.03 
Manville Wool Cement.....| 642.601 | . 646,488 | 112.68 
Champion Min. Wool 650.277 | . 654,197 | 114.08 
Hair Felt 621.588 | . 625,376 | 109.00 
Riley Cement 477.022 | . 479,960 | 83.66 
Fossil Meal 497.274 | . 500,284 | 87.20 
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The next table, D, shows the ratio of heat lost through the 
bare pipe to that lost through the covered pipe, the horse- 
power lost both per 100 square feet of surface and per 60 feet of 
8-inch pipe, and the thicknesses of the coverings, as determined 
while on the pipe by calipering in numerous places, both in a 
vertical and horizontal direction. 


H. P. Lost Cov- 
fig: ERINGS AT 80 LBS. WATER 

Ratios of heat PER H. P. PER HOUR. 
_Kinps or CovERine. lost, Bare to Covering. 
Covered Pipe. 


60 ft. 8-in. 
100 sq. ft. Pipe. Inches. 


Bare Pipe 

Magnesia 

Rock Wool 

Mineral Wool 

Fire Felt............. 
Manville Sectional 

Manv. Sect. and Hair Felt... 
Manville Wool Cement 
Champion Min. Wool 

Hair Felt 

Riley Cement 

Fossil Meal 


bie 
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F 

| 

14.18% 400 .820 

18.50 

11.70 830 487 | 

32.47 

| 32.47 O16 1.345 
| 
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The savings shown in columns three and four of Table c are : 
per year and per 100 square feet, that unit being used, since it 
is a convenient figure for a basis from which to obtain the 
savings for any surface. In Table E the surface which we had 


in the actual case tried, practically 60 feet of 8-inch pipe, is Bee, 


used for a basis, as a record was kept of the cost of applying 
this amount of each kind of covering. Probably these figures 


would hold true per unit of length for the same size of pipe, and i 
they should not vary much per square foot of surface for any __ 
size of pipe. All the coverings were not applied by the same __ 


men, but men were selected, as far as practicable, who were ~ 
best qualified to do the work. 

The cost prices of the different makes are shown in the table, 
also cost applied. 


TABLE E. 


Gross saving 
Cost to 
Cost of 60 ft. | Cost of 60ft. | in one year 
KINnDs oF CovERING. ly 60 ft. 
re overing. Covering. Applied. 


Magnesia... 
Rock Wool 


Manville Wool Cement 
Champion Min. Wool 
Hair Felt 

Riley Cement 

Fossil Meal 
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From the costs of covering applied and the gross savings due on ce o 
to the coverings we have sought to derive some absolute compari- = 
son of economies due to the use of the various coverings. To — 


divide the savings for one year by the cost applied gives the | 
Saving per year in dollars for one dollar invested, or to divide — 
the cost applied by the saving for one year gives the percentage 
of one year necessary for the covering to pay for itself. While 


these figures are of some interest they are deceptive, and for that is : 
reason not given. They are deceptive in that the first cost 
would thus be used as if of equal importance with the efficiency _ 


of the covering, which in reality is not the case; some of the : 
coverings which have a low first cost and low efficiency would — 
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Manville Sectional............. 29.35 82.56 152.35 _ 

Manv. Sect. and Hair Felt...... 84.60 40.56 161.26 

aS 


thus stand as high in dollars saved per dollar invested as a much 
better covering which happened to cost proportionately more. 
st ‘The first cost is to be paid but once, after which there is but the 
interest to be met, and perhaps something for repairs, while the 
efficiency of the covering, be it high or low, has a continual 
oh effect during its life and good repair. We have, therefore, made 
ES -@ table showing the net saving due to the coverings, in which 
. for the first year the net saving, as obtained from the tests 
ar - (using for the cost of coal $2.44, and adding 12 per cent. of 
the cost of the coal to include labor, with 7 pounds of dry 
a steam evaporated per pound of coal burned), which is the saving 
erat shown in Table E, minus the cost of the covering applied to the 
pipe. For the succeeding years the saving would be once, 
: 3 twice, thrice, etc., the gross saving, added to this. Figures are 
Ser _ given in Table F for seven years, and a graphical representation 
= of them is appended (Fig. 237), as is also a representation of the 
saving in pounds of dry steam per year per 100 square feet of 
eo ae surface due to the different coverings in which no account is 
taken of the costs (Fig. 238). 


Net SAVING DUE TO COVERIN 
60 FEET OF 8 INCH PIPE: 
(Total Saving less Cost of Covering 


1 Riley Cement 
2 Fossil Meal 
Fire Felt 


H Manville Sectional 

8 Champion Mineral Wool 
9 Mineral Wool 

10 Rock Wool 

11 Manville Sect.& Hair Fel: 


300 500 


600 700 900 
Dollars 
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$ $ $ $ 


266.41 | 416.55 .69 | 716.83 97 | 1017.11 
287.14 | 445.52 .90 | 762.28 .66 | 1079.04 
289.76 | 446.31 .86 | 759.41 .96 | 1072.51 
258.16 | 395.64 .12 | 680.60 . 965.56 
-79 | 272.14 | 424.49 .84 | 729.19 .54 | 1083.89 
Manv. Sect. & Hair Felt.| 120.70 | 281.96 | 448.22 .48 | 765.74 .00 | 1088.26 
Manv. Wool Cement... 262.76 | 415.42 720.74 1026.06 
Champ. Min. Wool ... .| 135.62 | 290.11 | 444.60 .09 | 753.58 07 | 162.56 
17 | 281.84 | 429.51 .18 | 724.85 | 1120.19 
. Riley Cement .63 | 197.97 | 311.31 | 420.65 | 537.99 | 651.33) 764.67 
Fossil Meal............ .94 | 202.08 | 320.22 .86 | 556.50 792.78 


Of course it is understood that these figures are made with 
the assumption that the coverings would remain in good con- 
dition. This leads to the consideration of durability, concern- 
ing which it is difficult to make any definite determinations 
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PIPE-COVERING TESTS, 


showing relative values, as so many elements must be considered. 
We could determine the action of high temperature for a short 
period, but in practice the element of time enters, and brings 
not only heat but cold; that is, changes of temperature, and the 
consequent contractions and expansions, moisture, vibrations 
(which alone are extremely injurious), acids and alkalies, all work- 
ing against the life and efficiency of any covering. It is largely 
due to their physical composition that some are more durable 
than others; the effects of chemical composition and of the 
physical composition to some extent, together with the thick- 
ness, are involved in the non-conducting properties. 

Before commenting on the meaning of the figures in Table F 
it may be well to say a few words descriptive of the coverings, 
in order that their make-up may be understood, if not already 
familiar, and remarks concerning their apparent relative dura- 
bilities have more meaning. The Magnesia, Rock Wool, both 
makes of Mineral Wool, Fire Felt, and Manville Sectional came 
in sections ready for use upon an 8-inch pipe; the Hair 
Felt came in squares, and was cut to the proper width to wrap 
about the pipe without lap; the Manville Wool Cement (in two 
layers); the Riley Cement and the Fossil Meal came in a loose 
condition, and were mixed with water and applied while wet. 
In the cases of the Magnesia, Fire Felt, Manville Sectional, the 
combination of Manville Sectional and Hair Felt, Manville 
Wool Cement, Riley Cement, and Fossil Meal the body of the 
covering came directly against the pipe, while with the Rock 
Wool, both kinds of Mineral Wool, and Hair Felt there was a 
lining of asbestos paper beneath them, about as thick as ordinary 
blotting-paper, except the last, under which it was perhaps twice 
that thickness. The Magnesia, Fire Felt, Manville Sectional, 
and Manville Wool Cement had simply a jacket of canvas sur- 
rounding them, while the Rock Wool and both makes of Mineral 
_ Wool had a similar jacket with straw board under it. The Hair 

Felt, both when used alone and over the other covering, Riley 

Cement, and Fossil Meal were surrounded by no jacket what- 

ever. 

We noticed a tendency to sag in both makes of Mineral Wool 
and the Rock Wool. From the nature of the material and the 
way it was necessarily made up, in what amounts to two concen- 
tric tubes, it is difficult to prevent its sagging and getting in a 
bad and inefficient condition. For even if applied more securely 
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than the needs of our work required, when it was left upon the 
pipe but a short time, there is little to prevent the wool from 
gradually working to the under side of the pipe, thus leaving but 
the thickness of the tubes to cover the upper portion, where, 
to be most efficient, the covering should be, if anything, a trifle 
thicker than on the under side. This action would surely be 
rapid and disintegration certain where any vibrations exist. 
Our experience leads us to think there is but little difference in 
the durability of Riley Cement and Fossil Meal, and would class 
neither among the most durable ; but upon that list would place 
the remaining ones, Magnesia, Fire Felt, Manville Sectional, and 
Manville Wool Cement, with little, ifany, choice as to arrangement. 
The durability of Hair Felt is questionable, and depends largely 
upon the temperature to which it is subjected, and how thoroughly 
it can be protected from moisture. It would certainly need to 
be thoroughly covered and painted so as not to absorb moisture 
from the outside and thus become matted and soggy. It. would 
be necessary to line it well with some non-combustible material to 
make it most efficient and durable. 

Referring to the chart made from the figures showing the sav- 
ings in dollars and cents for the successive years (Fig. 237), the 
values of the different coverings are readily seen when under 
consideration as non-conductors. Assuming a first-class cover- 
ing to have a life of at least five years, we see at the five-year 
line they stand in saving value in the following order: Manville 
Sectional and Hair Felt, Rock Wool, Mineral Wool, Champion 
Mineral Wool, Manville Sectional, Manville Wool Cement, Hair 
Felt, Magnesia, Fire Felt, Fossil Meal, and Riley Cement. This 
same order holds good at the end of six years, except that Hair 
Felt and Manville Wool Cement are then practically the same, 
and beyond which they change places. However, lack of dura- 
bility would doubtless exclude Rock Wool and the Mineral 
Wools from this list long before five years had passed. We think 
they might be made more durable by quilting the wool, or some 
similar process, using asbestos fibre or another non-combustible 
material. If we drop those just mentioned from the list as 


i lacking durability, Riley Cement and Fossil Meal because of 


evident inefficiency, and the questionable Hair Felt, there 
remains the combination of Hair Felt over another good cover- 
ing, which seems desirable unless the increased thickness makes 
it too bai Manville Sectional, Manville Wool Cement, 


in 
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Mipriests,’i and E Fire Felt. With no data regarding durability to 
offset the results obtained from the tests for non-conducting 

values, they arrange themselves in the order just given. 
The specific gravity and weight per lineal foot are shown in 
Table G, and the analyses in Table H. 
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Rock Wool........ 
Fire Felt 


Manville Wool Cement. ........ 
Champion Mineral Wool 

Hair Felt 

Riley Cement 

Fossil Meal....... 
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The approximate composition or material of which the covering is made is first 
given, then the analysis of each, with the acids and bases separate, it being im- 
possible in some cases to state the exact combination between bases and acids 
present. 


Magnesia ...........6- Asbestos, Calcium, and Magnesium carbo- 
nates. 
Mineral Wool. 
Fire Felt Asbestos. 
Manville Sectional : 
Outside Paper and a little Silica. fi 
Rag fibre and Silicates. tgs 
Short wool, Vegetable fibre, and Silica. 
Coarse hair. 
Champion Mineral Wool... Miueral Wool. emetaretnss 
Riley Cement ........Vegetable fibre and lime. 
Fossil Meal..... . Hair and Silica, wei 
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.194 3. 

— .878 9. 

Manville Sectional and Hair Felt... . 290 2. 

AN 5. 

5. 

.207 2. 
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Organic Matter. . 7.74 


The complete analysis of each covering is as follows": 


Magnesia. Rock Wool. | Mineral Wool. 


Moisture at 100°C........ 6.62 


5.43 
2.55 
2.47 
Magnesia (MgO) 41.18 
Carbonic Acid (CO,) 32.40 
Sulphurous Acid (80;).. 2.05 


MANVILLE SECTIONAL. Cement. 


Inside. Outside. Inside, 


8.60 
17.51 
43.70 
12.40 . 
10.90 

5.25 

-00 

8.36 


Iron and Alumina Oxides. 
(CaO) 

agnesia (MgO) 
Acid (CQ.).. 
Sulphurous Acid (SOs)... 
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Champ. 
Hair Felt. Min. Wool. Riley Cement. 


Moisture at 100° C.. ..... .07 
Organic Matter th -00 
Silica. . 85.92 
and Alumina Oxides.. 22.17 
41.86 


SSSEQESS 


agnesia (MgO) 
Carbonic Acid (COs) 
Sulphurous Acid (SOs) .... 


One feature which the results of these testa sel is the 
small differences between the savings effected by the coverings. 
Using the results as shown on the diagram of pounds of dry 
steam saved per year, and representing the best covering arbi- 
trarily by 100, the others have the following relative values : ees, 
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Manville Sectional and Hair Felt......... 
Champion Mineral 95.79 


The results obtained from these tests show conclusively that 
there are no such differences in the efficiency of these coverings 
as non-conductors as have been frequently stated in advertising 
literature. 

It is not in the scope of this paper to determine or state the 
effects of the chemical components of the different coverings 
upon the pipe covered. The presence of sulphur in the best 
coverings, and its recognized injurious effects,* makes it imper- 
ative that moisture must be kept from the coverings, for if pres- 
ent, it will surely combine with the sulphur, thus making it active. 
This could be stated in other words, Keep the pipes and cover- 
ing in good repair. Much of the inefficiency of coverings is due 
to the lack of attention given them ; they are often seen hanging 
loosely from the pipe which they are supposed to protect. The 
writer is thoroughly convinced that all coverings should be 
looked after at least once a year, and given necessary repairs, 
refitted to the pipe, the spaces due to shrinkage taken up, for lit- 
tle can be expected from the best non-conductors if they are 
allowed to become saturated with water, or if air currents are 
permitted to circulate between them and the pipe. It would be 
interesting to know what chemical composition is most efficient, 
but the varying thicknesses in which the coverings tested are 
sold prevent any definite conclusions in that direction from this 
test, which in its intents is but a commercial one. The writer 
hopes that the chemical analyses given may lead to some discus- 
sion as to the effects of the presence of the components upon the 
pipe covered when moisture is present. Recognizing in this sub- 
ject a large field for a further investigation of interest, he is at 
present, at least, obliged to leave it as a commercial test, hoping 
as such it may prove to be of some general interest and value. 


* See Z’ransactions A. 8. M, E., vol, Hutton, No, 72, TER) 
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PIPE-COVERING TESTS. 


Mr. A. F. Nagle.—I wish to express my grateful appreciation 

_ of the value of the experimental data given in this paper. There 

are, however, a few omissions, which the author no doubt can 

supply, and I trust he will add to his paper before final publica- 
tion. 

It is said that the experimental pipe (60 feet in length) “was 
suspended where it could not be subjected to currents of air.” Is 
this literally true? If the air was not changed it would have 
increased in temperature during the test, unless the room was of 
very great magnitude. I therefore ask, What was the size of the 
room in which the pipe was suspended? In what part of the room 
was the pipe located? And where was the thermometer located 
which gave the readings recorded in the paper? Was the location 
of the thermometer such as to make it free from the radiated 
heat of the pipe? 

What was the temperature of the outside atmosphere at the 

time of the tests? 

Air currents seriously affect the rate of condensation in pipes, 
and, while the author states there were none, the different results 
obtained indicate that there must have been air currents. Look, | 
for example, at the four tests made on the bare pipe. The first _ 
test was made in 50 minutes, and the second in 54 minutes,a 
difference of 8 per cent. in time, and yet substantially the same _ 
weight of steam was condensed during the two tests. I give the _ 
author credit for.careful work, and hence I see nothing in thedata _ 
contained in the table which would account for such discrepancy _ 
of time except outside conditions. If the outside conditions had — 
been the same, and it is so given in the table, the second test — 
should have given 115.41 pounds of dry steam condensed instead 
of 106.95 pounds. 

A careful examination of the table will show these discrepancies — 
to exist throughout, and they can be accounted for only upon the 
supposition I have named. 

In the experimental apparatus, the author provided five ther- 
mometers for ascertaining the exact temperatures of the condensed 
water at five different depths of the receiving tank. Will he 
kindly give those readings, as he has thus far given only the 
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Quality of Steam. 


What was the size of the steam-pipe supplying tke 8-inch test- 
pipe? If it were 1-inch, then the velocity of the steam in said 
1-inch pipe, when the bare pipe was tested, was only about 23 feet 
per second, and when the rock wool was under trial the velocity 
was only about 2.20 feet per second, and yet in each case the 
quality of the steam is given at about 97.8 per cent. of being dry. 

Throughout the trials the quality of steam is given almost in- 
variably at about 97.6 per cent., regardless of the velocity of the 
steam, and after passing through a settling chamber or separator. 
This does not appear to be reasonable, and perhaps Mr. Barrus, or 
some other expert in steam calorimetry, can explain this phe- 
nomenon. 

I will, however, suggest this myself: Was not the pipe so large 
in comparison with the supply-pipe to the test-pipe that the ve- 
locity created in the supply-pipe during the calorimeter test was 
so great as to actually produce wet steam, so that when the calo- 


rimeter was shut off, dry steam was really furnished to the test- _ 


pipe? Usually calorimeter pipes are taken out of large pipes, and ~ 
hence the velocity produced in them by the flow to the calorimeter 
is small; but in this case that proportion does not seem to exist, 
and hence I am inclined to think an error has crept in. 

Mr. F. W. Taylor.—t have read Mr. Brill’s paper with a great 
deal of interest, and feel that he has made a valuable contribution 
to the literature on pipe covering. His tests, so far as they have 
been described, seem to have been impartially made, and they 
are on a sufficiently large scale to eliminate many errors which 
are liable to occur with similar experiments, which partake more 
of the nature of laboratory work. The thorough manner in which 
the results of the test are worked up is especially to be com- 
mended. Most of us engineers are either so lazy or so busy that 
unless the subject is one of great importance, and is placed before 
us very clearly, and in exactly the form in which we wish to use 
it, we are apt to do some pretty tall guessing instead of doing the 
few hours of figuring required to properly use much data which is 
valuable, but not thoroughly worked out. Mr. Brill has, however, 
thoroughly worked up the subject from so many different points 
of view that it seems as if his paper should be extensively referred 
to in the future. 
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PIPE-COVERING TESTS. 


still, the question which is most frequently asked is not, How much 
can I save through the use of pipe covering? but, What is, on 
the whole, the best covering to adopt? 

On this point Mr. Brill has, I think, arrived at the same conclu- 
sion as Professor Ordway, who made a very thorough and exhaust- 
ive course of tests some years ago, for the Massachusetts Insti- 
tute of Technology, namely, that hair felt, when put on the 
outside of another pipe covering, so as to be properly protected 
from close contact with the steam-pipe, is the best non-conductor 
and the cheapest covering to use in the long run. In arriving ata 
determination of which is the best covering to use, however, I think 
the chief consideration, after narrowing down to the coverings that 
are really efficient non-conductors, is, Which covering will be the 
most durable? That is, at the end of five years, which covering will 
remain in the best repair, and will, at the end of that time, prove 
to be the best non-conductor? This question of durability, with- 
out requiring repairs or attention of any kind, is particularly 
important for most of our large manufacturing establishments, in 
which the cheap generation and use of steam is not one of the 
vital elements of the business, and in which the energy of the 
management has to be centred on the more intricate problems of 
how to manufacture cheaply and well. In such establishments, 
the managers usually want to settle, if possible, once for all such 
unimportant details as pipe covering, so as not to have to bother 
with them again for years to come. 

In experiments such as Mr. Brill’s, this question of durability 
(the most important of all) can, of course, not be thoroughly dealt 
with ; it can, at best, be looked at from a partially theoretical 
standpoint. 

It ison this point that I have some practical data to present to 
the Society. 

After studying Professor Ordway’s experiments, some nine 
years ago, I arrived at the conclusion that the best solution of the 
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pipe-covering problem lay in finding the proper material to insert - a 


between the pipe and hair felt, so as to prevent the latter from 
becoming charred under the action of heat. After about a year 
and a half of experimenting, I settled upon three-quarters inch of 
fossil meal with one inch of hair felt outside of it, as, on the whole, 


the best. I found that neither five-eighths inch of asbestos felt 


nor three-eighths inch of fossil meal were sufiicient to prevent hair 
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PIPE-COVERING TESTS. 


felt from charring, but that three-quarters inch of fossil meal 
would accomplish this object. Hair felt without any protection 
between it and the pipe would crumble away, where it came in 
close contact with the top of the pipe, in about three years. And 
long before this time the lower part of the hair felt would sag away 
from the pipe, so as to leave an air space between it and the pipe, 
which, of course, ruins its value as a pipe covering. 

My reason for going into the question of pipe covering so thor- 
oughly at this time was that I was then chief engineer of the 
Midvale Steel Company, and they were about to put in a new 
main steam-pipe, the old pipe being entirely abandoned, and a 
very much enlarged one being substituted throughout the works. 
This pipe when it was put in was unusually large, starting 
at 24 inches in diameter and gradually reducing as it prog- 
ressed throughout the works, until it finally was only about 6 inches 


in diameter. It was suspended from the roofs of the buildings by © 


long rods, so that it was practically free to expand and contract 
in whichever direction it could go with the least strain. No 
expansion joints or copper connections of any kind were used; at 
intervals, however, the pipe turned off at right angles so as to pro- 
vide, in the lateral bending of the long lines, for the expansion 
and contraction, which is always more or. less difficult to take 
care of. This pipe was covered throughout with the following 
covering : 
First. Fossil meal, three-quarters inch thick. This was applied 
in four layers, the first being merely a wash of fossil meal painted 
on to the pipe with a brush and allowed to dry; then a layer of 
fossil meal in the form of mud was spread on to the pipe with 
the hand to a thickness of one-quarter inch. This was again 
allowed to become thoroughly dried, the steam being on the pipe 


all of the time, and a second and third layer of fossil meal were put - 


on in the same way. | 

Second.—A layer of hair felt an inch thick was tightly bound 
with strong twine around the outside of the fossil meal, the twine 
being wrapped close enough together and sufficiently tight to 
insure a very close and permanent contact between the hair felt 
and fossil meal. 


Third. A layer of resin-sized paper was tightly bound with 4 


twine on the outside of the hair felt. 
Fourth. A covering of canvas was sewed together outside of 
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PIPE-COVERING TESTS. 


Fifth —T 


iron oxide paint, and this is by no means the least important of , 


the elements of the covering. 

A few days since, while in Philadelphia, I examined this cover- 
ing at intervals throughout its length, and found it, after being 
used for sevén and a half years, in an extraordinarily good state 
of preservation. In fact, for serving its purpose as a pipe-cover- 
ing it appeared to be as good as new. I did not find a single 
place in which I could detect that the fossil meal had been 
jarred loose from the pipe, nor could I satisfy myself that the 
hair felt had in any case sagged away from the fossil meal at 
the bottom of the pipe. The canvas had sagged away from the 
hair felt almost throughout the length of the pipe from } to ? of 
aninch. The covering showed signs nearly throughout its length 
of having been walked upon by workmen, but even this did not 
seem to have crushed or crumbled the fossil meal, although it 
had compressed the hair felt from 1 inch in thickness down to 
about 3 of an inch. I cutsamples of hair felt from the top of the 
pipe, where it would naturally be the most damaged, and found 
that in no case was the felt sufficiently charred away so that the 
original marking on the surface next to the pipe did not show. 
It was discolored where it came in contact with the fossil meal, 
through the action of the heat, to a depth of from ; to 3 of an 
inch. But this discoloration had not proceeded to the point of 
indicating charring. The pipe throughout a great part of its 
length was subject to an extraordinary amount of jarring and 
vibration, as it ran right through the centre of a large hammer 
shop containing ten steam hammers, which were going night and 
day, most of the time. This is surely a severe test for the fossil 
meal, or, in fact, any form of pipe-covering, and I think it conclu- 
sively shows that fossil meal, when properly put on, is an admirable 
material to resist jar. The canvas was more damaged than any 
other part of the covering; but even this showed very slight 
injury, where it was torn evidently having been damaged by 
something falling against it and ripping it open. There were, how- 
ever, very few tears of this kind throughout the pipe. I would 
here particularly call attention to the desirability of thoroughly 
painting the canvas where it is to be subject to the action of 
furnace gases, since unpainted canvas, when used in this same 
hammer-shop and rolling-mills, and subject to the action of the 
furnace gases, will last only from six months to a year. 
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This steam-pipe presents an unusually good opportunity for 
measuring the water which condenses in it. It is constructed as 
I think all pipes should be, when the opportunity offers. 

After collecting steam from the boilers, it rises as rapidly as 
possible to its maximum height, and from that point slopes gradu- 
ally downwards so that the condensed water flows in the same 
direction as the steam, thus avoiding a collection of water in 
pockets and the danger of water-hammer from this source. All 
inlet pipes, carrying steam to the main pipe from the boilers, as 
well as all outlet pipes, delivering steam from the main pipes to 
the machines, are attached to the upper side of the main pipe. At 
intervals along the bottom of this pipe drip pipes enter it; these 
carry the condensed water into a main drip pipe, which slopes 
steadily back toward the boilers, and there delivers all of the 
water of condensation directly to the boilers, by gravity ; each 
of four boilers being connected to this pipe by a throttle and 
check-valve. 

Several years ago I fitted a pipe to this drip pipe, just before 
it reaches the boilers, with suitable valves so that all of the drip 
water coming from the entire length of the main steam-pipe could 
be run out through this opening, and its amount measured fora 
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given length of it. Last week, while in Philadelphia, I made a — 
test of the amount of condensed water which came from this pipe 

in a given time, and since then, Mr. Firth, a member of this 

Society, and at present engineer of the Midvale Steel Company, 
made two more similar tests; one while the main pipe was in full 

use, that is, supplying steam to all of the machines on a week day, 

and having about 3,700 horse-power of steam running through it; __ 
and the second test being on Sunday, when the pipe waslying  __ 
idle, that is, when the pipe was filled with steam, but supplyinga 
very small amount to only a very few machines. 

The drip water was all caught in a barrel with its top tightly 
closed, and having a ventilating pipe for carrying off the surplus 
steam, which was large enough and sufficiently high to prevent 
any material quantity of the water being carried off by escaping 
steam. 

The following are the chief data regarding the steam-pipe and 
the test. 

The pipe carries all of the steam from about 3,700 horse-power 
of boiler under 70 pounds pressure per square inch. 
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Total length of pipe drained...... 
Square feet of pipe covered with fossil meal and hair felt 
Area of pipe, fittings, and flanges which were not covered (in the 

case of flanges, the area of pipe covered by the flanges was 

taken—not the entire area of the outside surface of the flanges) 918 sq. ft. 
Pressure of steam per square inch in pipe 70 lbs. 
Temperature of steam in pipe in degrees Fahrenheit (this tempera- 

ture taken from tables) 302.77 deg. 
Average temperature of air around pipe at time of the experiment, 

in degrees Fahrenheit 104 deg. 
Amount of drip water which came from the pipe in ten minutes on 

Sunday, when pipe was under full steam pressure; and but 

little steam was being used 165 lbs. 
Amount of drip water, PER HOUR 990 lbs. 
Anount of drip water per ten minutes when steam was being used 

freely from the pipe on a week day ..+- 1484 lbs. 
Amount of drip water, per hour 891 Ibs. 
Amount of entrained water carried over per hour from pipe into 

the machines during week day when machines were running 


Per cent. of water condensed in pipe, and which was carried over ~ 4 - 
into the machines... 10 per cent. 
If we assume that 3,700 horse-power of steam was passing 
through the pipe at the time that the drip water was measured, 
we find that, in a properly constructed and drained steam-pipe, 
only 73$%55 = less than ;§,> of 1 per cent. of entrained water need 
be carried over to the machine. 
In order to compare the results of this experiment with those 
of Mr. Brill, itis desirable to find the number of pounds of steam 
condensed per square foot of covered surface per hour, and then 


compare this figure with the corresponding ones given in the right- ay r 


‘hand column of Table “ B,” in Mr. Brill’s paper. 


We, therefore, first deduct from the total condensation per hour — 


(990 pounds) the amount of water condensed by the uncovered 


portion of the pipe. In making this deduction, we have used the | 


figure that was obtained by Mr. Brill for the condensation with 


bare pipe, per square foot per degree difference in temperature .. 


per hour. 


The remaining portion of the drip water we divide by the total © 
number of square feet of covered surface of the pipe, and find that _ 


the condensation per square foot of pipe surface per hour, for the 


portion of the pipe covered with fossil meal and hair felt, with 70 _ 
pounds steam pressure, and temperature of 104 degrees for the Pe 
surrounding air, was 0.07735 pounds. 


argest diameter of pipe 
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If the steam pressure had been 112 pounds, and the difference 
between the temperature of the steam in pipe and the air sur- 
rounding the pipe had been 272.2, as in Mr. Brill’s experiments, 
then the condensation per square foot of pipe per hour for the 
covered portion would have been .1059 pounds. 

Comparing this figure with those in the right-hand column of 
Table “ B,” in Mr. Brill’s paper, we find it to be very close in 
efficiency to the best of those obtained by Mr. Brill; there being 
only four out of the twelve coverings tested by him which gave 
more economical results than the fossil meal and‘ hair felt. And 


demned by him, as probably not being durable. 

When it is borne in mind that the Midvale covering had been 
on the pipe for seven years and a half without practically any 
repairs being made to it, and that the above test is made at the 
end of this time, I think that this style of covering can safely be re- 
garded as one of the best, if not the best, type of covering known. 

It will be noted that the covering which gave the best result in 
Mr. Brill’s experiments was hair felt protected by the Manville 
sectional covering. 

Fossil meal has proved itself beyond a doubt to be most dura- 
ble in adhering to the pipe, since it will be remembered that this 


the jarring from the machines is exceedingly severe on the pipe, 
and, in spite of this, I could not find a single place in which the 
fossil meal had jarred loose. 

I understand, however, that of late there has been difficulty in 
getting fossil meal of the same preparation as that which was put 


was mixed with a certain’ amount of hair, so as to cause it to 
adhere better. 

If the Riley cement adheres to the pipe equally well with the 
fossil meal, it would be, according to Mr. Brill’s experiments, 
about as satisfactory an insulator as the fossil meal. 

I would call attention to the fact that in putting on the hair 
felt it is very important to bind it as tightly as possible to the 
pipe with very frequent wrappings of elastic twine, so as to 
prevent it from sagging away from the pipe as it chars on the top 
side. 

Regarding the matter of cost—the actual cost of the hair felt, 
fossil meal, and painted canvas covering, as put on to the Midvale 


three out of the four of these coverings were, I think, rightly con- 


pipe runs through a large hammer-shop and rolling-mills, in which © 


on the Midvale pipe. The fossil meal, as prepared at that time, 
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pipe, is 17. 6 tied per square foot, including cist of materials and 
labor. It is, however, in no way fair to compare this cost with 


that given in Mr. Brill’s tables, since the Midvale covering was 


put on by a man specially trained to his job, and who did all of f 


the ‘work by piece-work; while, in Mr. Brill's case, the covering 
was put on by hands not specially skilled in the job. For com- 
parison, referring to Table “ E,” in the third column, the cost of 
applying the Midvale covering to 60 feet of pipe would be 
$24.24, including labor and materials. . 

The Midvale experiment gives a practical illustration on a large 
scale of the fact stated in Mr. Jacobus’s paper on “ Distribution 
of Moisture in a Horizontal Pipe,” that almost the whole of the 
entrained water in a horizontal drops to the bottom of the pipe, 
and flows along with the steam close to the pipe; since we see 
that less than ;$, of 1 per cent. of the condensed water was 
carried over into the machines when the pipe was supplying its 
full amount of steam on a week day. This experiment also empha- 
sizes the necessity of draining all main steam-pipes of any length 
at frequent intervals, and from the bottom of the pipe. And it 
further shows the desirability of attaching to the top of the main 
pipe all pipes leading from the main to the machines. 


4 4 


Mr. Wm. Kent.—The author of the paper says thathehopesthat __ 
the chemical analysis given may lead to some discussion as to the = 


effects of the presence of the components upon the pipe-covering ; oy 


when moisture is present, and on page 841, at the head of the tests, 
he says it is impossible in some cases to state the exact combi- 
nation between bases and acids present. It will, therefore, be 


impossible to form any conclusion as to the effect of these com- — 


ponents upon the covering of the pipe. But I notice on the tables — 


themselves, on the last line of each of the tables, he has sulphurous 
acid, and he also gives the formula of sulphurous acid as SO. 
When I studied chemistry it was SO,. But chemists have yearly 


conventions now, and frequently change their notation. But I | 


take it that this is a typographical error; that it should be sul- 
phuric acid, and that the SO, is the proper formula. If it is sul- 


~ 


phuric acid it is probably in all cases satisfied by the lime and mag- _ 


nesia, in which case there would probably be no corrosive action ; 


but in the case of mineral wool and rock wool, I take it that sul- BS ‘> ee : 


phurous acid is correct; or there may be both sulphurous and SS 
sulphuric acid, and there may be also sulphur present,inthe form __ 
of sulphide of iron or sulphide of calcium and magnesium. The — a 
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question whether this material is corrosive or not is not to be 
settled by the chemical analysis, but by actual experiment, which 
can be made very easily by putting samples of these materials 
into stoppered bottles with a bright piece of iron, and with a small 
quantity of distilled water, corking the bottle tightly and placing 
it in an outdoor atmosphere, and if there is any sulphurous or sul_ 
phuric acid in such a combination, which has a greater affinity for 
iron than any other thing present, there would be corrosion, and I 
think that will be the case with mineral wool, as I have found by 
actual experiment. 

Mr. A. B. Rearick.—1I would like to ask Mr. Taylor two ques- 
tions.. One is, does he consider the number of pounds of conden- 
sation that takes place, as he describes, to be the same when the 
pipe is carrying a large quantity of steam through it, as when it 
is simply filled with steam? Another question is, how much of 
an offset he gave his pipe, approximately, to allow for expan- 
sion ? 

Mr. Taylor.—On the first question I really have very little 
information. I do not know at all what the difference in conden- 
sation would be if the steam were lying idle in the pipe, or if it 
were flowing at arapid rate. As far as the above experiment goes, 
however, on the Midvale pipe there would not appear to be any 
great difference in the rate of condensation when the steam was 
flowing through the pipe and when it was lying idle. 

As to the second question ; the first straight run was about 200 
feet of 24-inch pipe, collecting all the steam throughout the boiler 
house and delivering it as soon as possible into the top of the 
hammer-shop. The second run was about 140 feet of 24-inch 
pipe, and at right angles to the first. The third run was about, 
60 feet, on a 16-inch branch. And then, further, we had a run of © 
about 300 feet of 14-inch and 12-inch pipe. These are some of 
the principal lines of pipe. The smaller mains, which lead from 
these large runs of pipe, stretch out in all directions. 1 think 
a very vital matter is that the pipe should be suspended from 
above with long tie-rods, and not supported on rollers, as is 
frequently the case, because I have seen this pipe, as it is cooled 
down, move in all possible directions. It will first start in one 
direction and then in another and another, finally moving some 
parts of it as much as 12 to 15 inches at the extremities. Of 
course, the connections of a pipe of this sort, with the machines, 
must be long, so that they can readily deflect. They should run 
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up from the bias of the pipe, then out at right angles, and down, oe 

in every case, for this expansion and contraction. . ‘i. 
Mr. Stearns.—How long were those rods ? 
Mr. Taylor.—The rods were not less than 8 feet in any al oF 

and in many cases much longer. ata 


Professor Carpenter.—I wish to call attention to one fact that i ae 


I think has not been brought out. If you will notice on page 834, - 

at the bottom, the thickness of these coverings varies very greatly. +i) 
Take the Table “ D,” at the bottom of page 834, in which there is a 
comparison made with the loss from bare pipe, and you will 
notice that the thickness varies from % inch to 4.2 inches. “os 
referring to the first column, it will be seen that the amount of 
heat lost runs as low as 7.8 per cent. of that from the naked pipe, 
with the thick covering. I tested the same kind of covering, except 
that it was less than an inch in thickness, and obtained, practically, 
twice the condensation shown in this paper; with coverings ofthe __ 
same thickness as recorded by Mr. Brill, the results were the same 
as his. The covering that I used was furnished by the maker, and — 


results were not as good, nor were the thicknesses as great. Ihave 
purchased a considerable amount of covering, and have never ad 
found it to vary a great deal from an inch in thickness, even ue 
very large pipes. I would like to ask whether these were myers 
prepared for the test or whether they were purchased of the 
standard thickness. What we obtained varied from 1 inch to 
1} inches in thickness, and instead of transmitting about 8 per 
cent., it transmitted about 24 per cent. of that from a bare pipe. 


Mr. Brill.—in answer to Professor Carpenter’s query, I would © oe 


say that we purchased the covering as we found it in the market. — 
I think most of the makers of pipe-covering vary the thickness — 
somewhat, for different sizes of pipe; thinner coverings are pro- — et . 
vided for small sizes of pipe than for larger ones. The sectional — 
coverings, as usually made, are increased in thickness as the 
diameter of pipe increases. a 
Professor Carpenter.—The question was, why there was so sili , ae 
variation in the thickness of your covering? Those that we ted | 
were practically ali the same. ; 
Mr. Brill.—We ordered sufficient covering for 60 feet of S.inch 
pipe. In case of the sectional coverings, a sufficient amount was 
sent to just cover the pipe. In case of the coverings put on bag ; 
the amount sent was applied as-uniformly as possible, and the 
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thickness, as taken at numerous places, gave th 
recorded. 

Mr. Henning.—Did your sellers know that you wanted this 
material for testing purposes ? 

Mr. Brill—wNo, sir; I think not. We asked them for 60 feet 
of their covering. It was furnished promptly. There was no 
time for special manufacture, nor was there any object, with the 
knowledge possessed by the maker, in sending anything of special — 
merit. 

Mr. W. 8. Rogers —I think the day has almost gone by for 
carrying steam through leng lines of pipe, a third of a mile, for 
manufacturing purposes, as my friend Taylor has mentioned. At 
Buffalo, we are not thinking of any such plan. It is now, how to 
cover the wire which is to bring down the thousands of horse- 
power from Niagara by electricity. I think that long steam-lines 
will go out of date. With the present shape in which currents 
can be transmitted, and the savings obtained that way, the ques- 
tion of long lines of steam-pipe covering will disappear. 

Mr. Geo. M. Brill.*—That the coverings tested were far from 
uniform thickness is to be kept in mind in attempting to make 
any deductions for scientific purposes. Referring to the points 
mentioned by Mr. Nagle, I would say that the pipe was suspended 
about 10 feet from the floor of a room some 200 feet long, about 
50 feet wide, and 25 feet to the peak of the roof. The thermometer 
which gave the temperature of the air in the room was located 
about the same elevation, and some 10 feet away from the pipe. 
Doubtless, some air currents were created by the heat radiated 
from-the pipe ; this was practically unavoidable, and no attempt — 
was made to prevent it, but the pipe was placed so as to be out 
of air currents and draughts from open windows and doors. 

That the quality of steam would be uniform was to be expected. 
The pipe carrying steam from the separator to the test-pipe was 
1 inch in diameter, while the separator was 12 inches in 
diameter and 4 feet long. If the calorimeter produced any 
effect, due to the steam it used, that effect was continuous, for the 
calorimeter was in use during the entire period of each run, and 
used steam at the rate of 80 pounds per hour, which, together 
with the amount passing on its way to be condensed, surely did 
not produce a velocity in the 1-inch pipe sufficient to overwork 
the separator, which had ample capacity to give a uniform qual- 
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ity t i any onal of steam that might flow through the l-inch 
pipe leading from it. Although a calorimeter is usually attached 
to a larger pipe than was used in this case, as long as the 
demands upon the separator were not excessive, there is no reason 
why the calorimeter should not give as true an account of the 
quality in a l-inch pipe as it would when attached to a much 
larger size. 
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ke ne STEP TOWARD PARTIAL SOLUTION OF THE LABOR PROBLEM. 


BY FRED. W. TAYLOR, GERMANTOWN, PHILADELPHIA, PA. 


Dae ordinary piece-work system involves a permanent 
> gy antagonism between employers and men, and a certainty of 
punishment for each workman who reaches a high rate of ef- 
ficiency. The demoralizing effect of this system is most seri- 
ous. Under it, even the best workmen are forced continually 
to act the part of hypocrites, to hold their own in the struggle 
against the encroachments of their employers. 

The system introduced by the writer, however, is directly 
the opposite, both in theory and in its results. It makes each 
workman’s interests the same as that of his employer, pays a 
premium for high efficiency, and soon convinces each man that 
it is for his permanent advantage to turn out each day the best 
quality and maximum quantity of work. 

The writer has endeavored in the following pages to describe 
the system of management introduced by him in the works of 
the Midvale Steel Company, of Philadelphia, which has been 
employed by them during the past ten years with the most 
The system consists of three principalelements: _ 
(1) An elementary rate-fixing department. 

(2) The differential rate system of piece-work. 
(3) What he believes to be the best method of managing 
men who work by the day. 

Elementary rate-fixing differs from other methods of making 


* Presented at the Detroit Meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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piece-work prices in that a careful study is made of the time 
required to do each of the many elementary operations into 
which the manufacturing of an establishment may be analyzed 
or divided. These elementary operations are then classified, 
recorded, and indexed, and when a piece-work price is wanted 
for work, the job is first divided into its elementary operations, 
the time required to do each elementary operation is found 
from the records, and the total time for the job is summed up 
from these data. While this method seems complicated at 
the first glance, it is, in fact, far simpler and more effective 
than the old method of recording the time required to do 
whole jobs of work, and then, after looking over the records of 
similar jobs, guessing at the time required for any new piece 
of work. 

The differential rate system of piece-work consists briefly in 
offering two different rates for the same job; a high price per 
piece, in case the work is finished in the shortest possible time 
and in perfect condition, and a low price, if it takes a longer 
time to do the job, or if there are any imperfections in the 
work. (The high rate should be such that the workman can 
earn more per day than is usually paid in similar establish- 
ments.) This is directly the opposite of the ordinary plan of 
piece-work, in which the wages of the workmen are reduced 
when they increase their productivity. 

The system by which the writer proposes managing the men 
who are on day-work consists in paying men and not positions. 
Each man’s wages, as far as possible, are fixed according to the 
skill and energy with which he performs his work, and not 
according to the position which he fills. Every endeavor 
is made to stimulate each man’s personal ambition. This 
involves keeping systematic and careful records of the perform- 
ance of each man, as to his punctuality, attendance, integrity, 
rapidity, skill, and accuracy, and a readjustment from time to 
time of the wages paid him, in accordance with this record. 

The advantages of this system of management are : 

First. That the manufactures are produced cheaper under it, 
while at’ the same time the workmen earn higher wages than 
are usually paid. 

Second. Since the rate-fixing is done from accurate knowledge 
instead of more or less by guess-work, the motive for holding 
back on work, or “soldiering,” and endeavoring to deceive the 
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employers as to the time required to do aie, is entirely 
removed, and with it the greatest cause for hard feelings and 
war between the management and the men. 

Third. Since the basis from which piece-work as well as day 
rates are fixed is that of exact observation, instead of being 
founded upon accident or deception, as is too frequently the 
case under ordinary systems, the men are treated with greater 
uniformity and justice, and respond by doing more and better 
work. 

Fourth. It is for the common interest of both the manage- 
ment and the men to codperate in every way,.so as to turn out 
each day the maximum quantity and best quality of work. 

Fifth, The system is rapid, while other systems are slow, in 
attaining the maximum productivity of each machine and man ; 
and when this maximum is once reached, it is automatically 
maintained by the differential rate. 

Sixth. It automatically selects and attracts the best men for 
each class of work, and it develops many first-class men who 
would otherwise remain slow or inaccurate, while at the same 
time it discourages and sifts out men who are incurably lazy or 
inferior. 


Finally. One of the chief advantages derived from the above — yy 


effects of the system is, that it promotes a most friendly feeling 
between the men and their employers, and so renders labor 
unions and strikes unnecessary. 


There has never been a strike under the differential rate sys- 


tem of piece-work, although it has been in operation for the 


past ten years in the steel business, which has been during this’ 


period more subject to strikes and labor troubles than almost 
any other industry. In describing the above system of manage- 
ment, the writer has been obliged to refer to other piece- 
work methods, and to indicate briefly what he believes to 
be their shortcomings. 

As but few will care to read the whole ‘paper, the following 
index to its contents is given : 


NEED oF SysTEM AND METHOD IN MANAGING MEn.. 
SysT—EM OF MANAGING MEN WHO ARE PAID BY THE Day. 


ss Ordinary system of paying men by the position they occupy instead 


of by individual 10 
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effects of this system 1 
_ Proper method of handling men working by the day is to study each 
" man and fix his rate of pay according to his individual merit, 
not to pay them by classes 
Necessity for clerk in managing men........... 
Defects in even the best-managed day-work 
METHODS OF FIx1NG PIECE-WORK PRICES OR RATES. 
ORDINARY PLAN OF Frxine RaTEés.... 
DESCRIPTION OF ELEMENTARY RATE-FIXING 
} Description of the starting and development of the first elementary 
rate-fixing department ‘ 
Illustration of elementary rate-fixing 
Size and scope of rate-fixing department 
f. ss Indirect benefits of elementary rate-fixing almost as great as the 


direct 
a hand-book on the speed with which different kinds of work can 
‘ be done badly needed........ 
Systems OF PIECE-WORK IN COMMON USE. 
ORDINARY PIECE-WORK SYSTEM 
Defects in this system ; 
Slight improvement in ordinary piece-work system............... 
“Garin SHarrne” PLAN 
‘*PREMIUM PLAN OF PAYING FOR LABOR”..... 
Benefits and defects of these two systems.... 
The relation of trades unions to other systems of management... . 
COOPERATION OB PROFIT SHARING 
_ Antagonism of interests of employers and workmen in all ordinary 
piece-work systems 
Fundamental basis for harmonious codperation between workmen 
and employers 86, 37, 53-55, 59, 61,65 
Obstacles to be overcome before both sides can codperate harmoni- : 
38, 39,49 
. 58-55, 59, 61, 65 


ah Description of first application of differential rate, with results 


--- Modification of the differential rate 72, 78 


__ ‘Relative importance of elementary rate-fixing department and 
at differentia] rate 
_ There have never been any strikes under the differential rate 
+t system of piece-work 
Moral effect of the various piece-work systems on the men....... 
Ordinary systems, differential rate Sh 
‘Probable future development of this system......... ....... 89-91 


1. Capital demands fully twice the return for money placed : 
in manufacturing enterprises that it does for real estate or 
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Advantages of this systen 58-65 “agi 
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transportation ventures. And this probably represents the 
difference in the risk between these classes of investments. 

-2. Among the risks of a manufacturing business, by far the 
greatest is that of bad management ; and of the three managing 
departments, the commercial, the financiering, and the produc- 
tive, the latter, in most cases, receives the least attention from 
those that have invested their money in the business, and con- 
tains the greatest elements of risk. This risk arises not so much 
from the evident mismanagement, which plainly discloses itself 
through occasional strikes and similar troubles, as from the 
daily more insidious and fatal failure on the part of the super- 
intendents to secure anything even approaching the maximum 
work from their men and machines. 

3. Itis not unusual for the manager of a manufacturing busi-— 
ness to go most minutely into every detail of the buying and 
selling and financiering, and arrange every element of these 
branches in the most systematic manner, and according to prin- 
ciples that have been carefully planned to insure the business 
against almost any contingency which may arise, while the 
manufacturing is turned over to a superintendent or foreman, 
with little or no restrictions as to the principles and methods. 
which he is to pursue, either in the management of his men or 
the care of the company’s plant. ; 

4. Such managers belong distinctly to the old school of manu- 
facturers ; and among them are to be found, in spite of their lack 
of system, many of the best and most successful men of the 
country. They believe in men, not in methods, in the manage- 
ment of their shops; and what they would call system in the 
office and sales departments, would be called red tape by them 
in the factory. Through their keen insight and knowledge 
of character they are able to select and train good superintend- 
ents, who in turn secure good workmen; and frequently the 
business prospers under this system (or rather, lack of system) 
for a term of years. 

5. The modern manufacturer, however, seeks not only to secure 
the best superintendents and workmen, but to surround each de- 
partment of his manufacture with the most carefully woven net- 
work of system and method, which should render the business, 
for a considerable period, at least, independent of the loss of any 
one man, and frequently of any combination of men. 

6. It is the lack of this system and method which, in the judg- 
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ment of the constitutes the greatest risk in 
ing ; placing, as it frequently does, the success of the business at 
the hazard of the health or whims of a few employees. 

7. Even after fully realizing the importance of adopting the 
best possible system and methods of management for securing 
a proper return from employees and as an insurance against 
strikes and the carelessness and laziness of men, there are dif- 
ficulties in the problem of selecting methods of management 
which shall be adequate to the purpose, and yet be free from red 
tape, and inexpensive. 

8. The literature on the subject is meagre, especially that 
which comes from men of practical experience and observation. 
And the problem is usually solved, after but little investigation, 
by the adoption of the system with which the managers are most 
familiar, or by taking a system which has worked well in similar 
lines of manufacture. 

9. Now, among the methods of management in common use 
there is certainly a great choice; and before describing the 
“ differential rate” system it is desirable to briefly consider the 
more important of the other methods. 

10. The simplest of all systems is the “ day-work” plan, in 
which the employees are divided into certain classes, and a 
standard rate of wages is paid to each class of men ; the laborers 
all receiving one rate of pay, the machinists all another rate, and 
the engineers all another, etc. The men are paid according to 
the position which they fill, and not according to their individual 
character, energy, skill, and reliability. 

11. The effect of this system is distinctly demoralizing and 
levelling ; even the ambitious men soon conclude that since there 
is no profit to them in working hard, the best thing for them to 
do is to work just as little as they can and still keep their po- 
sition. And under these conditions the invariable tendency is 
to drag them all down even below the level of the medium. 

12. The proper and legitimate answer to this herding of men 
together into classes, regardless of personal character and per- 
formance, is the formation of the labor union, and the strike, 
either to increase the rate of pay and improve conditions of 
employment, or to resist the lowering of wages and other 
encroachments on the part of employers. 

13. The necessity for the labor union, however, disappears 
when men are paid, and not positions ; that is, when the em- 
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ployers take pains to study the character and performance of 
each of their employees and pay them accordingly, when accurate 
records are kept of each man’s attendance, punctuality, the 
amount and quality of work done by him, and his attitude 
towards his employers and fellow-workmen. 

As soon as the men recognize that they have free scope for 
the exercise of their proper ambition, that as they work harder 
and bétter their wages are from time to time increased, and that 
they are given a better class of work to do—when they recognize 
this, the best of them have no use for the labor union. 

14. Every manufacturer must from necessity employ a certain 
amount of day-labor which cannot come under the piece-work 
system; and yet how few employers are willing to go to the trouble 
and expense of the slight organization necessary to handle their 
men in this way? How few of them realize that, by the em- 
ployment of an extra clerk and foreman, and a simple system 
of labor returns, to record the performance and readjust the 
wages of their men, so as to stimulate their personal ambition, 
the output of a gang of twenty or thirty men can be readily 
doubled in many cases, and at a comparatively slight increase of 
wages per capita ! 

15. The clerk in the factory is the particular horror of the 
old-style manufacturer. He realizes the expense each time that 
he looks at him, and fails to see any adequate return; yet by 
the plan here described the clerk becomes one of the most 
valuable agents of the company. 

16. If the plan of grading labor and recording each man’s 
performance is so much superior to the old day-work method of 
handling men, why is it not all that is required? Because no 
foreman can watch and study all of his men all of the time, and 
because any system of laying out and apportioning work, and of 
returns and records, which is sufficiently elaborate to keep 
proper account of the performance of each workman, is more 
complicated than piece-work. It is evident that that system is 
the best which, in attaining the desired result, presents in the 
long run the course of least resistance. 

17. The inherent and most serious defect of even the best 
managed day-work lies in the fact that there is nothing about 
the system that is self-sustaining. When once the men are 
working at a rapid pace, there is nothing but the constant, 
unremitting watchfulness and energy of the management to keep 
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them there ; while with every form of piece-work enth new rate 
that is fixed insures a given speed for another section of work, 
and to that extent relieves the foreman from worry. 

18. From the best type of day-work to ordinary piece-work 
the step is a short one. With good day-work the various oper- 
a‘ions of manufacturing should have been divided into small sec- 
tions or jobs, in order to properly gauge the efficiency of the men; 
and the quickest time should have been recorded in which each 
operation has been performed. The change from paying by the 
hour to paying by the job is then readily accomplished. 

19. The theory upon which the ordinary system of piece- 
work operates to the benefit of the manufacturer is exceedingly 
simple. Each workman, with a definite price for each job 
before him, contrives a way of doing it in a shorter time, either 


by working harder or by improving his method; and he thus 
makes a larger profit. After the job has been repeatedanumber 


of times at the more rapid rate, the manufacturer thinks that he 
should also begin to share in the gain, and therefore reduces 
the price of the job to a figure at which the workman, although 


working harder, earns, perhaps, but little more than he originally __ 


did when on day-work. 

20. The actual working of the system, however, is far different. 
Even the most stupid man, after receiving two or three piece- 
work “cuts” as a reward for his having worked harder, resents 
this treatment and seeks a remedy for it in the future. Thus 
begins a war, generally an amicable war, but none the less a war, 


between the workmen and the management. The latter endeay- 


ors by every means to induce the workmen to increase the out- 
put, and the men gauge the rapidity with which they work, so 
as never to earn over a certain rate of wages, knowing that if 
they exceed this amount the piece-work price will surely be 
cut, sooner or later. ; 

21. But the war is by no means restricted to piece-work. 
Every intelligent workman realizes the importance, to his own 
interest, of starting in on each new job as slowly as possible. 


There are few foremen or superintendents who have anything ee : 


but a general idea as to how long it should take to do a piece of 
work that is new to them. Therefore, before fixing a piece-work 
price, they prefer to have the job done for the first time by the 
day. They watch the progress of the work as closely as their 
other duties will permit, and make up their minds how quickly 
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it can be done. It becomes the workman’s interest then to go 
just as slowly as possible, and still convince his foreman that 
he is working well. 

22. The extent to which, even in our largest and best-managed 
establishments, this plan of holding back on the work—“ mark- 
ing time,” or “soldiering,” as it is called—is carried on by the 
men, can scarcely be understood by one who has not worked 
among them. It is by no means uncommon for men to work at 
the rate of one-third, or even one-quarter, their maximum speed, 
and still preserve the appearance of working hard. And when 
a rate has once been fixed on such a false basis, it is easy for the 
men to nurse successfully “a soft snap” of this sort through a 
term of years, earning in the meanwhile just as much wages as 
they think they can without having the rate cut. 

23. Thus arises a system of hypocrisy and deceit on the part 
of the men which is thoroughly demoralizing, and which has led 
many workmen to regard their employers as their natural 
enemies, to be opposed in whatever they want, believing that 
whatever is for the interest of the management must necessarily 
be to their detriment. 

24. The effect of this system of piece-work on the character of 
the men is, in many cases, so serious as to make it doubtful 
whether, on the whole, well-managed day-work is not preferable. 

25. There are several modifications of the ordinary method of 
piece-work which tend to lessen the evils of the system, but I 
know of none that can eradicate the fundamental causes for war, 
and enable the managers and the men to heartily codperate in 
obtaining the maximum product from the establishment. It is 
the writer’s opinion, however, that the differential rate system 
of piece-work, which will be described later, in most cases 
entirely harmonizes the interests of both parties. 

26. One method of temporarily relieving the strain between 
workmen and employers consists in reducing the price paid for 
work, and at the same time guaranteeing the men against further 
reduction for a definite period. If this period be made suffi- 
ciently long, the men are tempted to let themselves out and earn 
as much money as they can, thus “ spoiling” their own job by 
another “ cut” in rates when the period has expired. 

27. Perhaps the most successful modification of the ordinary 
system of piece-work’is the “ gain-sharing plan.” This was in- 
vented by Mr. Henry R. Towne, in 1886, and has since been 


work 
th 
; 
( 
<< 
4 
4 


successfully applied by h him the Yale & 


Towne Manufacturing Co., at Stamford,Conn. It was admirably 
described in a paper which he read before this Society in 1888. 


This system of paying men is, however, subject to the serious, ce 3 


and I think fatal, defect that it does not recognize the personal 
merit of each workman; the tendency being rather to herd 


men together and promote trades-unionism, than todevelopeach _ 


man’s individuality. 


28. A still further improvement of this method was made by Ss oe 
Mr. F. A. Halsey, and described by him in a paper entitled 


“The Premium Plan of Paying for Labor,” and presented to this 


Society in 1891. Mr. Halsey’s plan allows free scope for each Rare: : 


man’s personal ambition, which Mr. Towne’s does not. 


29. Messrs. Towne and Halsey’s plans consist briefly in record- ee 


ing the cost of each job as a starting-point at a certain time; 


then, if, through the effort of the workmen in the future, the job $ : =i 


is done in a shorter time and at a lower cost, the gain is divided 


among the workmen and the employer in a definite ratio, the — 


workmen receiving, say, one-half, and the employer one-half. 


30. Under this plan, if the employer lives up to his promise, : bat 


and the workman has confidence in his integrity, there isthe __ 
proper basis for cooperation to secure sooner or lateralarge _ 


increase in the output of the establishment. 


Yet there still remains the temptation for the workman to pias 


“soldier” or hold back while on day-work, which is the most _ 


difficult thing to overcome. And in this as well as in all the 
systems heretofore referred to, there is the common defect: 


that the starting-point from which the first rate is fixed is ae Bae 
unequal and unjust. Some of the rates may have resulted from __ ie “oe 


records obtained when a good man was working close to his © 


maximum speed, while others are based on the performance of © Se 


a medium man at one-third or one-quarter speed. From this 
follows a great inequality and injustice in the reward even of _ 
the same man when at work on different jobs. The result is 
far from a realization of the ideal condition in which the same _ 
return is uniformly received for a given expenditure of brains 
and energy. Other defects in the gain-sharing plan, and which ah is 


are corrected by the differential rate system, are : 
(1) That it is slow and irregular in its operation in reducing ~ 


costs, being dependent upon the whims of the men working © ou: 
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(2) That it fails to especially attract first-class men and dis- 
courage inferior men. 

(3) That it does not automatically insure the maximum out- 
put of the establishment per man and machine. 

31. Codperation, or profit sharing, has entered the mind of 
every student of the subject as one of the possible and most 
attractive solutions of the problem ; and there have been certain 
instances, both in England and France, of at least a partial 
success of cooperative experiments. 

So far as I know, however, these trials have been made either 
in small towns, remote from the manufacturing centres, or in 
industries which in many respects are not subject to ordinary 
manufacturing conditions. 

32. Codperative experiments have failed, and, I think, are 
generally destined to fail, for several reasons, the first and 
most important of which is, that no form of codperation has 
yet been devised in which each individual is allowed free scope 
for his personal ambition. This always has been and will re- 
main a more powerful incentive to exertion than a desire for 
the general welfare. The few misplaced drones, who do the 
loafing and share equally in the profits with the rest, under co- 
Operation are sure to drag the better men down toward their 
level. : 

33. The second and almost equally strong reason for failure 
lies in the remoteness of the reward. The average workman 
(I don’t say all men) cannot look forward to a profit which is 
six months or a year away. The nice time which they are sure 
to have to-day, if they take things easily, proves more attract- 
ive than hard work, with a possible reward to be shared with 
others six months later. 

34. Other and formidable difficulties in the path of codp- 
eration are, the equitable division of the profits, and the fact 
that, while workmen are always ready to share the’ profits, 
they are neither able nor willing to share the losses. Further 
than this, in many cases, it is neither right nor just that they 
should share either in the profits or the losses, since these may 
be due in great part to causes entirely beyond their influence 
or control, and to which they do not contribute. 

35. When we recognize the real antagonism that exists be- 
tween the. interests of the men and their employers, under all 
of the systems of piece-work in common use ; and when we re- 
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member the irreconcilable conflict in the 
fundamental and perfectly legitimate aims of the two: namely, 
on the part of the men: 

THE UNIVERSAL DESIRE TO RECEIVE THE LARGEST POSSIBLE WAGES 
FOR THEIR TIME. 

And on the part of the employers : 

THE DESIRE TO RECEIVE THE LARGEST POSSIBLE RETURN FOR THE 
WAGES PAID. 

What wonder that most of us arrive at the conclusion that no 
system of piece-work can be devised which shall enable the two | 
to codperate without antagonism, and to their mutual benefit ? 

36. Yet it is the opinion of the writer, that even if a system 
has not already been found which harmonizes the interests of — 
the two, still the basis for harmonious codperation lies in the — 
two following facts: 

First. That the workmen in nearly* every trade can and wil — 
materially increase their present output per day, providing they are — 
assured of a permanent and larger return jor their time than they — 
have heretofore received. 

Second. That the employers can well afford to pay higher wages per 
piece even permanently, providing each man and machine in the estab- 
lishment turns out a proportionately larger amount of work. 83 

37. The truth of the latter statement arises from the well- __ 
recognized fact that, in most lines of manufacture, the indirect _ 
expenses equal or exceed the wages paid directly to the work- _ 
men, and that these expenses remain approximately constant, 
whether the output of the establishment is great or small. 

From this it -follows that it is always cheaper to pay higher ~ 
wages to the workmen when the output is proportionately in- 
creased ; the diminution in the indirect portion of the cost per _ 
piece being greater than the increase in wages. Many manu- — 
facturers, in considering the cost of production, failto realize the _ 
effect that the volume of output has on the cost. They lose sight 
of the fact that taxes, insurance, depreciation, rent, interest, sal- 


* The writer’s knowledge of the speed attained in the manufacture of textile _ 
goods is very limited. It is his opinion, however, that owing to the comparative | 
uniformity of this class of work, and the enormous number of machines and men ae j 
engaged on similar operations, the maximum output per man and machine is — 
more nearly realized in this class of manufactures than in any other. If this is ~ 
the case, the opportunity for improvement does not exist to the same extent here 
as in other trades. Some illustrations of the possible increase in the daily out- e 
put of men and machines are given in paragraphs 78 to 82. Bas Pheieter eRe 
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aries, office expenses, miscellaneous labor, sales expenses, and 
frequently the cost of power (which in the aggregate amount to 
as much as wages paid to workmen), remain about the same 
whether the output of the establishment is great or small. 

38. In our endeavor to solve the piece-work problem by the 
application of the two fundamental facts above referred to, let 
us consider the obstacles in the path of harmonious codpera- 
tion, and suggest a method for their removal. 

39. The most formidable obstacle is the lack of knowledge 
on the part of both the men and the management (but chiefly 
the latter) of the quickest time in which each piece of work can 
be done ; or, briefly, the lack of accurate time-tables for the work 
of the place. 


40. The remedy for this trouble lies in the establishment in 4 E 


every factory of a proper rate-fixing department ; a department 
which shall have equal dignity and command equal respect with 
the engineering and managing departments, and which shall be 
organized and conducted in an equally scientific and practical 
manner. 


41. The rate-fixing, as at present conducted, even in our best-— 


managed establishments, is very similar to the mechanical en- 
gineering of fifty or sixty years ago. Mechanical engineering 


at that time consisted in imitating machines which were in more | 


or less successful use, or in guessing at the dimensions and 
strength of the parts of a new machine ; and as the parts broke 
down or gave out, in replacing them with stronger ones. Thus 
each new machine presented a problem almost independent of 
former designs, and one which could only be solved by months 
or years of practical experience and a series of break-downs. 
Modern engineering, however, has become a study, not of 
individual machines, but of the resistance of materials, the 


fundamental principles of mechanics, and of the elements of | 
design. 


42. On the other hand, the ordinary rate-fixing (even the 
best of it), like the old-style engineering, is done by a foreman 
or superintendent, who, with the aid of a clerk, looks over the 
record of the time in which a whole job was done as nearly like 
the new one as can be found, and then guesses at the time 
required to do the new job. No attempt is made to analyze and 
time each of the classes of work, or elements of which a job is 
composed ; although it is a far simpler task to resolve each job 
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into its eleme 

in which each of the elementary operations can be done, and 
then to properly classify, tabulate, and index this information, 

and use it when required for rate fixing, than it is to fix rates, 

with even an approximation to justice, under the common sys- _ 
tem of guessing. 

43. In fact, it has never occurred to most superintendents 
that the work of their establishments consists of various com- 
binations of elementary operations which can be timed inthis __ 
way; and a suggestion that this is a practical way of dealing _ 
with the piece-work problem usually meets with derision, or, at 
the best, with the answer that “It might do for some simple es 
business, but my work is entirely too complicated.” 3 

44, Yet this elementary system of fixing rates has been in suc- 
cessful operation for the past ten years, on work complicated in 
its nature, and covering almost as wide a range of variety as as 
any manufacturing that the writer knows of In 1883, while | 
foreman of the machine shop of the Midvale Steel Company of __ 
Philadelphia, it occurred to the writer that it was simpler to __ 
time each of the elements of the various kinds of work done in | 
the place, and then find the quickest time in which each job 
could be done, by summing up the total times of its com- _ 
ponent parts, than it was to search through the records of former — 
jobs, and guess at the proper price. After practising this method = 
of rate-fixing himself for about a year, as well as circumstances __ 
would permit, it became evident that the system was a success. ay: f 
The writer then established the rate-fixing department, which 
has given out piece-work prices in the place ever since. Y 

45. This department far more than paid for itself from the 
very start; but it was several years before the full benefits of —_ 
the system were felt, owing to the fact that the best methods _ 
of making and recording time observations of work done by the 
men, as well as of determining the maximum capacity of each of _ ae 
the machines in the place, and of making working-tables and 
time-tables, were not at first adopted. Be 

46. Before the best results were finally attained in the case of 
work done by metal-cutting tools, such as lathes, planers, boring © 
mills, etc., a long and expensive series of experiments was 
made, to determine, formulate, and finally practically apply to 
each machine the law governing the proper cutting speed of 
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PIECE-RATE SYSTEM, 
one of the following variables: the shape of the tool (ie, 
angle, clearance angle, and the line of the cutting edge), the 
duration of the cut, the quality or hardness of the metal being 
cut, the depth of the cut, and the thickness of the feed or shav- 
ing. 

47. It is the writer’s opinion that a more complicated and 
difficult piece of rate-fixing could not be found than that of de- 
termining the proper price for doing all kinds of machine work 
on miscellaneous steel and iron castings and forgings, which 
vary in their chemical composition from the softest iron to the 
hardest tool steel. Yet this problem was solved through the 
rate-fixing department and the “differential rate.” with the 
final result of completely harmonizing the men and the manage- 
ment, in place of the constant war that existed under the old 
system. At the same time the quality of the work was improved, 
and the output of the machinery and the men was doubled, 
and, in many cases, trebled. At the start there was naturally 
great opposition to the rate-fixing department, particularly to 
the man who was taking time observations of the various ele- 
ments of the work; but when the men found that rates were 
fixed without regard to the records of the quickest time in which 
they had actually done each job, and that the knowledge of the 
department was more accurate than their own, the motive for 
hanging back or “ soldiering” on this work ceased, and with it 
the greatest cause for antagonism and war between the men and 
the management. 


48. As an illustration of the great variety of work to which 2 


elementary rate-fixing has already been successfully applied, 
the writer would state that, while acting as general manager of 
two large sulphite pulp mills, he directed the application of 
piece-work to all of the complicated operations of manufactur- 
ing throughout one of these mills, by means of elementary rate- 


fixing, with the result, within eighteen months, of more than a 


doubling the output of the mill. 

The difference between elementary rate-fixing and the ordi- 
nary plan can perhaps be best explained by a-simple illus- 
tration. Suppose the work to be planing a surface on a piece 
of cast-iron. In the ordinary system the rate-fixer would look 
through his records of work done by the planing-machine, until 
he found a piece of work as nearly as possible similar to the pro- 
posed job, and then guess at the time required to do the new 


| 
| 
a 
4 
- 
a 
a 
a 
| 
J 
= 
| | 


A PIECE-RATE SYSTEM. 


piece of work. Under the elementary system, however, some 
such analysis as the following would be made : 


3 Work done by Man. 

‘Time to lift piece from floor to planer table.............. 
to level and set work true on table..... 
_Time to put on stops and bolts................ 

Time to remove stops and 
ime to remove piece to floor 


‘ie Work done by Machine. 


Ss 20g Time to rough off cut jin. thick, 4 feet long, 24 ins. wide. 


ss ‘Time to rough off cut 4 in. thick, 3 feet long, 12 ins. wide, etc. 
Time to finish cut 4 feet long, 2} ins. wide.... ............ 
a Time to finish cut 3 feet long, 12 ins. wide, etc 


It is evident that this job consists of a combination ‘of ele- 
mentary operations, the time required to do each of which can 
be readily determined by observation. 

This exact combination of operations may never occur again, 
but elementary operations similar to these will be performed in 
differing combinations almost every day in the same shop. 

A man whose business it is to fix rates soon becomes so 
familiar with the time required to do each kind of elementary 
work performed by the men, that he can write down the time 

In the case of-that part of the work which is done by the 
machine the rate-fixer refers to tables which are made out for 
each machine, and from which he takes the time required for any 
combination of breadth, depth, and length of cut. 

49. While, however, the accurate knowledge of the quickest 
time in which work can be done, obtained by the rate-fixing 
department and accepted by the men as standard, is the great- 
est and most important step towards obtaining the maximum 
output of the establishment, it is one thing to know how much 
work can be done in a day, and an entirely different matter to 
get even the best men to work at their fastest speed or any- 
where near it. 

50. The means which the writer has found to be by far the 
most effective in obtaining the maximum output of a shop, and 
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which, so far as he can see, satisfies the legitimate 
both of the men and the management, is the differential rate 
system of prece-work. 

This consists briefly in paying a higher price per piece, or 
per unit, or per job, if the work is done in the shortest possible 
time, and without imperfections, than is paid if the work takes 
a longer time or is imperfectly done. 

51. To illustrate: Suppose 20 units or pieces to be the 
largest amount of work of a certain kind that can be done in a 
day. Under the differential rate system, if a workman finishes 
20 pieces per day, and all of these pieces are perfect, he re- 
ceives, say, 15 cents per piece, making his pay for the day 
15 x 20 = $3. If, however, he works too slowly and turns 
out, say, only 19 pieces, then, instead of receiving 15 cents 
per piece he gets only 12 cents per piece, making his pay for 
the day 12 x 19 = $2.28, instead of $3 per day. 

If he succeeds in -finishing 20 pieces, some of which are 
imperfect, then he should receive a still lower rate of pay, say, 
10 cents or 5 cents per piece, according to circumstances, making 
his pay for the day $2, or only $1, instead of $3. 

52. It will be observed that this style of piece-work is directly 
the opposite of the ordinary plan. To make the difference be- 
tween the two methods more clear: Supposing, under the ordi- 
nary system of piece-work, that the workman has been turning 
out 16 pieces per day, and has received 15 cents per piece, 
then his day’s wages would be 15 x 16 = $2.40. Through extra 
exertion he succeeds in increasing his output to 20 pieces 
per day, and thereby increases his pay to 15 x 20 = $3. The 
employer, under the old system, however, concludes that $3 
is too much for the man to earn per day, since other men are 
only getting from $2.25 to $2.50, and therefore cuts the price 
from 15 cents per piece to 12 cents, and the man finds himself 
working at a more rapid pace, and yet earning only the same 
old wages, 12 x 20 = $2.40 per day. What wonder that men do 
not care to repeat this performance many times ? 

53. Whether codperation, the differential plan, or some other 
form of piece-work be chosen in connection with elementary 
rate-fixing, as the best method of working, there are certain 
fundamental facts and principles which must be recognized and 
incorporated in any system of management, before true and last- 
ing success can be attained ; and most of these facts and prin- 
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 eiples will be found to be not far removed eis what the 
_ strictest moralists would call justice. 

54. The most important of these facts is, that MEN WILL NOT DO 
AN EXTRAORDINARY DAY'S WORK FOR AN ORDINARY DAY'S PAY ; and any 
attempt on the part of employers to get the best work out of 
their men and give them the standard wages paid by their 
neighbors will surely be, and ought to be, doomed to failure. 

55. Justice, however, not only demands for the workman an. 
increased reward for a large day’s work, but should compel him 
to suffer an appropriate loss in case his work falls off either in 
quantity or quality. Itis quite as important that the deduc- 
tions for bad work should be just, and graded in proportion to 
the shortcomings of the workman, as that the reward should be 
proportional to the work done. 

The fear of being discharged, which is wenstidile the only 
penalty applied in many establishments, is entirely inadequate 
to producing the best quantity and quality of work; since the 
workmen find that they can take many liberties before the man- 
agement makes up its mind to apply this extreme penalty. 

56. It is clear that the differential rate satisfies automatically, 


as it were, the above conditions of properly graded rewards and 


deductions. Whenever a workman works for a day (or even a 
shorter period) at his maximum, he receives under this system 
unusually high wages; but when he falls off either in quantity 
* or quality from the highest rate of efficiency his pay falls below 
even the ordinary. 

57. The lower differential rate should be fixed at a figure 
which will allow.the workman to earn scarcely an ordinary day’s 
pay when he falls off from his maximum pace, so as to give him 
every inducement to work hard and well. 

58. The exact percentage beyond the usual standard which 
must be paid to induce men to work to their maximum varies 
‘with different trades and with different sections of the country. 
And there are places in the United States where the men 
(generally speaking) are so lazy and demoralized that no 
sufficient inducement can be offered to make them do a full 
day’s work. 

59. It is not, however, sufficient that each workman’s ambition 
should be aroused by the prospect of larger pay at the end of 
even a comparatively short period of time. The stimulus to 
maximum exertion should be a daily one. 
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This involves such vigorous and rapid inspection urns 
as to enable each workman in most cases to know each day the 
exact result of his previous day’s work—i. e., whether he hassuc- 
ceeded in earning his maximum pay, and exactly what his losses _ 
are for careless or defective work. Two-thirds of the moral _ 
effect, either of a reward or penalty, is lost by even a short post-  __ 
ponement. | 

60. It will again be noted that the differential rate system _ 
forces this condition both upon the management and the work- __ 
men, since the men, while working under it, are above allanxious | 
to know at the earliest possible minute whether they have earned __ 
their high rate or not. And it is equally important for the man- __ 
agement to know whether the work has been properly done. 

61. As far as possible each man’s work should be inspected 
and measured separately, and his pay and losses should depend 
upon his individual efforts alone. It is, of course, a necessity 
that much of the work of manufacturing—such, for instance, as 
running roll-trains, hammers, or paper machines—should be 
done by gangs of men who cooperate to turn out a common 
product, and that each gang of men should be paid a definite 
price for the work turned out, just as if they were a single man. 

In the distribution of the earnings of a gang among its mem- 
bers, the percentage which each man receives should, however, 
depend not only upon the kind of work which each man performs, 
but upon the accuracy and energy with which he fills his position. 

In this way the personal ambition of each of a gang of men 
may be given its proper scope. a 

62. Again, we find the differential rate acting as a most power. | 4 
ful lever to force each man in a gang of workmen to do his best ; 
since if, through the carelessness or laziness of any one man, the 
gang fails to eazn its high rate, the drone will surely be obliged 
by his companions to do his best the next time or else get out. 

63. A great advantage of the differential rate system is that 
it quickly drives away all inferior workmen, and attracts the 
men best suited to the class of work to which it is applied ; 
since none but really good men can work fast enough and accu- 
rately enough to earn the high rate; and the low rate should be 
made so small as to be unattractive even to an inferior man. 

64. If for no other reason than it secures to an establishment 
a quick and active set of workmen, the differential rate is a valu- 
able aid, since men are largely creatures of habit; and if the 
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piece-workers of a place are forced to move quickly and work 
hard the day-workers soon get into the same way, and the whole 
shop takes on a more rapid pace. 

65. The greatest advantage, however, of the differential rate for 
piece-work, in connection with a proper rate-fixing department, 
is that together they produce the proper mental attitude on the 
part of the men and the management toward each other. In place 
of the indolence and indifference which characterize the work- 
men of many day-work establishments, and to a considerable ex- 
tent also their employers ; and in place of the constant watchful- 
ness, suspicion, and even antagonism with which too frequently 
the men and the management regard each other, under the ordi- 
nary piece-work plan, both sides soon appreciate the fact that 
with the differential rate it is their common interest to codperate 
to the fullest extent, and to devote every energy to turning ouf 
daily the largest possible output. This common interest quickly 
replaces antagonism, and establishes a most friendly feeling. 

66. Of the two devices for increasing the output of a shop, 
the differential rate and the scientific rate-fixing department, 
the latter is by far the more important. The differential rate is 
invaluable at the start, as a means of convincing men that the 
management is in earnest in its intention of paying a premium 
for hard work; and it at all times furnishes the best means of 
maintaining the top notch of production; but when, through its 
application, the men and the management have come to appre- 
ciate the mutual benefit of harmonious codperation and respect 
for each other’s rights, it ceases to be an absolute necessity. On 
the other hand, the rate-fixing department, for an establishment 
doing a large variety of work, becomes absolutely indispensable. 
The longer it is in operation the more necessary it becomes. 

67. Practically, the greatest need felt in an establishment 
wishing to start a rate-fixing department is the lack of data as 
to the proper rate of speed at which work should be done. 

There are hundreds of operations which are common to most 
large establishments ; yet each concern studies the speed prob- 
lem for itself, and days of labor are wasted in what should be 
settled once for all, and recorded in a form which is available to 
all manufacturers. 

68. What is needed is a hand-book on the speed with which 
work can be done, similar to the elementary engineering hand- 
books. And the writer ventures to predict that such a book 
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ne ee will before long be-forthcoming. Such a book should describe 
Be the best method of making, recording, tabulating, and indexing 
; Bae time-observations, since much time and effort are wasted by the 
adoption of inferior methods. 

69. The term “rate-fixing department” has rather a formi- 

- dable sound. In fact, however, that department should consist 
in most establishments of one man, who, in many cases, need 

give only a part of his time to the work. 

70. When the manufacturing operations are uniform in char- 

acter, and repeat themselves day after day—as, for instance, in 

_ paper or pulp mills—the whole work of the place can be put upon 

_ piece-work in a comparatively short time ; and when once proper 

_ rates are fixed, the rate-fixing department can be dispensed with, 
at any rate until some new line of manufacture is taken up. 

_ ™ 71. The system of differential rates was first applied by the 

writer to a part of the work in the machine shop of the Midvale 

- Steel Company, in 1884. Its effect in increasing and then main- 

taining the output of each machine to which it was applied was 

- almost immediate, and so remarkable that it soon came into 

high favor, with both the men and the management. It was 

gradually applied to a great part of the work of the establish- 

- ment, with the result, in combination with the rate-fixing depart- 

ment, of doubling and in many cases trebling the output, and 

at the same time increasing instead of diminishing the accuracy 

of the work. 

72. In some cases it was applied by the rate-fixing depart- 
ment without an elementary analysis of the time required to do 
the work ; simply offering a higher price per piece providing 
the maximum output before attained was increased to a given 
extent. Even this system met with success, although it is by 
no means correct, since there is no certainty that tle reward is 
in just proportion to the efforts of the workmen. 

: 73. In cases where large and expensive machines are used, 

ae - guch as paper machines, steam hammers, or rolling mills, in 

which a large output is dependent upon the severe manual 

labor as well as the skill of the workmen (while the chief cost 

of production lies in the expense of running the machines rather 

_ than in the wages paid), it has been found of great advantage to 

te establish two or three differential rates, offering a higher and 
higher price per piece or per ton as the maximum seat out- 
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not the least of the of ele- 
mentary rate-fixing are the indirect results. 

The careful study of the capabilities of the machines, and the 
analysis of the speeds at which they must run, before differen- 
tial rates can be fixed which will insure their maximum output, 
almost invariably result in first indicating and then correcting 
the defects in their design, and in the method of running and 
caring for them. 

75. In the case of the Midvale Steel Company, to which I 
have already referred,. the machine shop was equipped with 
standard tools furnished by the best makers, and the study of 
these machines, such as lathes, planers, boring mills, etc., which 


of them designed and speeded so as to cut steel to the best 
advantage. As a result, this company has demanded alterations 
from the standard in almost every machine which they have 
bought during the past eight years. They have themselves been 
obliged to superintend the design of many special tools which 
would not have been thought of had it not been for elementary — 
rate-fixing. 

76. But what is, perhaps, of more importance still, the rate- 
fixing department has shown the necessity of carefully system- 
atizing all of the small details in the running of each shop; such 


as the care of belting, the proper shape for cutting tools, and the j 


dressing, grinding, and issuing same, oiling machines, issuing 
orders for work, obtaining accurate labor and material returns, 
and a host of other minor methods and processes. These details, 
which are usually regarded as of comparatively small importance, 
and many of which are left to the individual judgment of the 
foreman and workmen, are shown by the rate-fixing depart- 
ment to be of paramount importance in obtaining the maximum 
output, and to require the most careful and systematic study — 
and attention in order to insure uniformity and a fair and equal — 
chance for each workman. Without this preliminary study and | 
systematizing of details, it is impossible to apply successfully 
the differential rate in most establishments. 

77. As before stated, the success of this system of piece-work 
depends fundamentally upon the possibility of materially increas- 


ing the output per man and per machine, providing the proper 


man be found for each job and solani proper incentive be es coal 
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78. As an illustration of the difference between what ought 
to be done by a workman well suited to his job, and what is 
generally done, I will mention a single class of work, performed 
in almost every establishment in the country. In shovelling 
coal from a car over the side on to a pile one man should unload 
forty tons per day, and keep it up, year in and year out, and 
thrive under it. 


With this knowledge of the possibilities I have never failed to — 


find men who were glad to work at this speed for from four and 
a half to five cents per ton. The average speed for unloading 
coal in most places, however, is nearer fifteen than forty tons 
per day. In securing the above rate of speed it must be clearly 
understood that the problem is not how to force men to work 
harder or longer hours than their health will permanently allow ; 
but, rather, first, to select among the laborers which are to be 
found in every community the men who are physically able to 
work permanently at that job, and at the speed mentioned, with- 
out damage to their health, and who are mentally sufficiently 
inert to be satisfied with the monotony of the work, and then, to 
offer them such inducements as will make them happy and con- 
tented in doing so. 

79. The first case in which a differential rate was applied 
furnishes a good illustration of what can be accomplished by it. 

A standard steel forging, many thousands of which are used 
each year, had for several years been turned at the rate of from 


four to five per day under the ordinary system of piece-work, — ee 


50 cents per piece being the price paid for the work. After 
analyzing the job and determining the shortest time required to 
do each of the elementary operations of which it was composed, 
and then summing up the total, the writer became convinced 
that it was possible to turn ten pieces a day. To finish the 
forgings at this rate, however, the machinists were obliged to 
work at their maximum pace from morning to night, and the 
lathes were run as fast as the tools would allow, and under a 
heavy feed. 

It will be appreciated that this was a big day’s work, both 
for men and machines, when it is understood that it involved 
removing, with a single 16-inch lathe, having two saddles, an 
average of more than 800 pounds of steel chips in ten hours. 
In place of the 50-cent rate that they had been paid before, 
they were given 35 cents per piece when they turned them at 
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the speed of 10 per day, and when they produced less than 10, 
they received only 25 cents per piece. 

80. It took considerable trouble to induce the men to turn at 
this high speed, since they did not at first fully appreciate that 
it was the intention of the firm to allow them to earn perma- 
nently at the rate of $3.50 per day. But from the day they 
first turned 10 pieces to the present time, a period of more 
than ten years, the men who understood their work have 
scarcely failed a single day to turn at this rate. Throughout 
that time, until the beginning of the recent fall in the scale of 
wages throughout the country, the rate was not cut. 

81. During this whole period the competitors of the company 
never succeeded in averaging over half of this production per 
lathe, although they knew and even saw what was being done 
at Midvale. They, however, did not allow their men to earn 
over from $2 to $2.50 per day, and so never even approached 
_ the maximum output. 

82. The following table will show the economy of paying high 
‘wages under the differential rate in doing the above job : 


a COST OF PRODUCTIGN PER LATHE PER DAY. sifgaby 
a Ordinary system of piece-work. Differential rate system. 

Man’s wages $2 50 | Man’s wages 

Machine cost 8 37] Machine cost 


Total cost per day 


5 pieces produced. 10 pieces produced. 
Cost per piece $1 17! Cost per piece 


The above result was mostly, though not entirely, due to the 
differential rate. The superior system of managing all of the 
small details of the shop counted for considerable. 

83. There has never been a strike by men working under 
differential rates, although these rates have been applied at the 
Midvale Steel Works for the past ten years; and the steel 
business has proved during this period the most fruitful field 
for labor organizations and strikes. And this notwithstanding 
the Midvale Company has never prevented its men from joining 
any labor organization. All of the best men in the company saw 
clearly that the success of a labor organization meant the lower- 
ing of their wages, in order that the inferior men might earn 
more, and, of course, could not be persuaded to join. 
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84. I attribute a great part of this success in avoiding strikes 
to the high wages which the best men were able to earn with 
the differential rates, and to the pleasant feeling fostered by 
this system ; but this is by no means the whole cause. It has 
for years been the policy of that company to stimulate the 
personal ambition of every man in their employ, by promoting 
them either in wages or position whenever they deserved it, and 
the opportunity came. 

A careful record has been kept of each man’s good points as 
well as his shortcomings, and one of the principal duties of each 
foreman was to make this careful study of his men, so that 
substantial justice could be done to each. When men, through- 
out an establishment, are paid varying rates of day-work wages, 
according to their individual worth, some being above and some 
below the average, it cannot be for the interest of those receiv- 
ing high pay to join a union with the cheap men. . 

85. No system of management, however good, should be 
applied in a wooden way. ‘The proper personal relations 
should always be maintained between the employers and men ; 
and even the prejudices of the workmen should be considered 
in dealing with them. 

The employer who goes through his works with kid gloves on, 
and is never known to dirty his hands or clothes, and who 
either talks to his men in a condescending or patronizing way, 
or else not at all, has no chance whatever of ascertaining their 
real thoughts or feelings. 

86. Above all is it desirable that men should be talked to 
on their own level by those who are over them. Each man 
should be encouraged to discuss any trouble which he may 
have, either in the works or outside, with those over him. 
Men would far rather even be blamed by their bosses, espe- 
cially if the “tearing out” has a touch of human nature and 
feeling in it, than to be passed by day after day without a word, 
and with no more notice than if they were part of the 
machinery. 

The opportunity which each man should have of airing his 
mind freely, and having it out with his employers, is a safety- 
valve ; and if the superintendents are reasonable men, and listen 
to and treat with respect what their men have to say, there is 
absolutely no reason for labor unions and strikes. 
--- 87. It is not the large charities (however generous they may 
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be) that 
founding of libraries and starting workingmen’s clubs, so much 
as small acts of personal kindness and sympathy, which estab- 
lish a bond of friendly feeling between them and their employ- 
ers. 

88. The moral effect of the writer’s system on the men is 
marked. The feeling that substantial justice is being done 
them renders them on the whole much more manly, straight- 
forward, and truthful. They work more cheerfully, and are 
more obliging to one another and their employers. They are 
not soured, as under the old system, by brooding over the in- 
justice done them; and their spare minutes are not spent to 
the same extent in criticising their employers. 

A noted French engineer and steel manufacturer, who recently 
spent several weeks in the works of the Midvale Company in 
introducing a new branch of manufacture, stated before leaving 
that the one thing which had impressed him as most unusual 
and remarkable about the place was the fact that not only the 
foremen, but the workmen, were expected to and did in the main 
tell the truth in case of any blunder or carelessness, even when 
they had to suffer from it themselves. 

89. From what the writer has said he is afraid that many 
readers may gain the impression that he regards elementary 
rate-fixing and the differential rate as a sort of panacea for all 
human ills. 

This is, however, far from the case. While he regards the 
possibilities of these methods as great, he is of the opinion, on 
the contrary, that this system of management will be adopted by 
but few establishments, in the near future, at least; since its 
really successful application not only involves a thorough 
organization, but requires the machinery and tools throughout 
the place to be kept in such good repair that it will be possible 
for the workmen each day to produce their maximum output. 
But few manufacturers will care to go to this trouble until they 
are forced to. 

90. It is his opinion that the most successful manufacturers, 


those who are always ready to adopt the best machinery Z 


and methods when they see them, will gradually avail them- 
selves of the benefits of scientific rate-fixing; and that com- 


ee 


petition will compel the others to follow slowly in the same __ 


direction. 
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91. Even if all of the manufacturers in the country who are 
competing in the same line of business were to adopt these 
methods, they could still well afford to pay the high rate of 
wages demanded by the differential rate, and necessary to 
induce men to work fast, since it is a well-recognized fact the 
world over that the highest-priced labor, providing it is pro- 
portionately productive, is the cheapest; and the low cost at 
which they could produce their goods would enable them to sell 
in foreign markets and still pay high wages. 

92. The writer is far from taking the view held by many 
manufacturers that labor unions are an almost unmitigated 
detriment to those who join them, as well as to employers and 
the general public. 

The labor unions—particularly the trades unions of Eng- 
land—have rendered a great service not only to their members, 
but to the world, in shortening the hours of labor and in modi- 
fying the hardships and improving the conditions of wage- 
workers. 

In the writer’s judgment the system of treating with labor 
unions would seem to occupy a middle position among the vari- 
ous methods of adjusting the relations between employers and 
men. 

When employers herd their men together in classes, pay all 
of each class the same wages, and offer none of them any induce- 
ments to work harder or do better than the average, the only 
remedy for the men lies in combination ; and frequently the 
only possible answer to encroachments on the part of their 
employers is a strike. 

This state of affairs is far from satisfactory to either employers 
or men, and the writer believes the system of regulating the 
wages and conditions of employment of whole classes of men by 
conference and agreement between the leaders, unions, and man- 
ufacturers to be vastly inferior, both in its moral effect on the 
men and on the material interests of both parties, to the plan 
of stimulating each workman’s ambition by paying him accord- 
ing to his individual worth, and without limiting him to the rate 
of work or pay of the average of his class. 

93. The level of the great mass of the world’s labor has been, 
and must continue to be, regulated by causes so many and so 


_ complex as to be at best but dimly recognized. 


The utmost effect of any system, whether of management, 
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a or wave of prosperity above the ha level, and 
the greatest hope of the writer is that, here and there, a few 
workmen, with their employers, may be helped, through this 


Mr. H. L. Gantt. inne cannot read Mr. Taylor’s admirable 
paper on “A Piece-Rate System” without realizing that it con- 
tains vastly more than the title suggests. It is really a system by 
which the employer attempts to do justice to the employee, and 
in return requires the employee to be honest. 

His method of fixing rates by elements eliminates, as nearly as 
possible, all chance of error, and his differential rates go a long 
way toward harmonizing interests of employer and employee. 

a It was my good fortune to work for a year as his assistant in this 
work, and I fully agree with him ag to the effect on the men. 
_ They improve under it, both in honesty and efficiency, more than 
I have ever seen them do elsewhere. Realizing that substantial 
justice was being done, and that to do their duty was to follow 
their own interest, it soon became a matter of habit with them. 

The greatest obstacle in the way of adopting this system is that 
the man in charge of the rate-fixing department must be a man 
of more than ordinary ability, and should have had a very wide 
experience. To err in fixing a rate has a very bad effect upon the 

- men, who should never have reason to think that the element of 
“guess” occurs in their rate. It is therefore only in a compara- 
tively very large establishment, where a capable man can be em- 
ployed to give his time to this work, or in a very small one, where 
the superintendent can give it his personal attention, that the 
plan is entirely applicable. 

His idea of a hand-book on the speed with which work can be 
. done, similar to the elementary engineering hand-books, is one 
_ which is bound to interest all progressive engineers, and I hope 

that he will see that his predictions about such a book do not fail. 
In paragraph 15 he states that a clerk in the factory is the 
particular horror of the old-time manufacturer. Why is this? 

In many cases the manufacturer is a shrewd and successful man, 
- and if so, why has he not seen the advantage of using a clerk in 


system, toward the crest of the wave. Be 
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This takes us back to the advantages of a witien No matter 
how successful a system may be in one shop, modifications are 
always required to make it equally successful in any other. No 
shop should be run to suit the demands of a system, but the 
system must be modified to suit the demands of the shop. No 
system is a success unless it makes work go more smoothly and 
cheaply, and ultimately makes the proper running of a shop inde- 
pendent of any particular man. 

The fact that most ready-made systems fail in almost all of these 
respects makes the shrewd, old-style manager-fight shy of them, 
and regard any approximation to them as a needless expense. 

To pay men what they are worth requires that we keep accurate 
records of their work, and as the foreman is too valuable a man 
to be used as a clerk, he should have this work done for him, and 
be free to give his entire time to his men and the work. 

Finally, the ideal system must be automatic and self-contained. 
It must be so simple as to appeal to those working under it, and 
should impose checks in such a way as to prevent or correct 
errors without the interference of the superintendent, or of any 
one not directly connected with doing the work under it, and, 
above all, it should be free as possible from ‘red tape.” 

Mr. F. A. Halsey.—Mr. Taylor’s paper points out that in cases 
where the machine cost exceeds the wages paid, a piece-rate which 
increases with the output may be compatible with reduced cost, 
as the output advances. Simple as is the idea, it is, I must own, 
new to me, and it may be admitted at once that in such cases the 
advancing piece-rate is justifiable, provided the maximum output 
cannot be obtained without it. In the average case, however, where 
the wages paid exceed the machine cost, the condition no longer 
holds, and the advancing piece-rate would involve an increased 
cost, as an accompaniment of an enlarged output. 

It was under the condition of a moderate tool cost that my 
Premium Plan (see vol. xii., page 755, of the Transactions) was 
devised, and its application, under a high tool cost, was not con- 
sidered, the fundamental idea being that the workman’s earnings 
per piece should decrease (though per day increase) as the output 
increased. By reference to my paper on the Premium Plan it 
will be seen that the need of different premium rates to cover 
different conditions was clearly recognized, and while such a 
development was not contemplated, it is plain that there is nothing 
to prevent making the premium rate so high as to give the work- 
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increases faster than the output, if the condi- 
tions are such as to make that course necessary to secure the maxi- 
mum output. 

It thus seems to me that, while Mr. Taylor’s plan is applicable 
only to the condition of high tool cost, the Premium Plan not only 
applies to the condition of low tool cost, for which it wax planned, 
but to the condition of high tool cost as well. There are not 
many shops in which the maintenance of every tool costs more 
than the wages of its operator—the tools falling under that class 
being usually in the small minority. Mr. Taylor’s system being 
economically applicable only to the larger tools, it would seem 
necessary, if the best results are to be obtained, to apply it only 
to such large tools, and use some other system for the smaller 
ones. With the Premium Plan, the same system, as has been 
shown, applies to all, and its advantage in requiring only one 
system of time and cost keeping against two, with Mr. Taylor’s 
system, is apparent. 

Is it clear, however, that a wage rate which advances faster than 
the output is necessary in any case? The only system which will 
endure is the one which pays the least possible per piece of prod- 
uct. The purpose of these systems is not, primarily, to pay high 
wages, but to produce cheap work, the adjustment sought being 
one which shall give the workman an increased wage per day in 

return for a decreased cost per piece of product. In my expe- 
rience, a comparatively small premium will call out a workman’s 
best efforts, provided the work is not too laborious, and the work- 


man is assured against future cuts in the rate. Why should this 


not be the case with large and expensive tools as well as small 
ones, and, if true, why should the wages increase faster than the 
product, even on large tools? 

Mr. Taylor’s strictures on the piece-work plan have my cordial 
approval, but what is the fundamental difficulty with piece-work ? 
Simply that the output under it is always found to be larger than 
anticipated, and a rate which seemed moderate before trial is 
found to be excessive after trial. The workman’s earnings, 
increasing pro rata with the product, soon get to be excessive, 
unless he has acquired wisdom and restrains himself. In Mr. Tay- 
lor’s system, the earnings under an increase of product increase 
still faster than with piece-work, and the consequences of a too high 
rate would be even more serious than with piece-work. Wherein, 
then, does the superiority of Mr. Taylor’s system over piece-work 
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lie? ot in the advancing piece-rate, but in the method of fiwing 
rates. If Mr. Taylor can determine the maximum output of the 
miscellaneous pieces of work comprised in the everyday opera- 
tion of the average machine-shop, he has accomplished a great 
work, and the present paper should be followed at once by 
another, giving the fullest possible details of his method. It is 
this universal difficulty of determining the possible output which 
is at the bottom of the difficulties besetting the piece-work plan, 


and it was its contemplation which led the writer’s thoughts to 


the Premium Plan. With that plan, the attempt to determine 
the possible output is abandoned. Present output is taken as the 
basis, and if the premiums offered for an increase are small, as 
they should usually be, no possible increase of output can carry 
the workman’s earnings beyond reason. It is its extreme flexibil- 
ity and the absence of danger of expensive errors of judgment 
which chiefly commend the Premium Plan, and while it is impos- 
sible to judge Mr. Taylor's method of fixing rates with the present 
knowledge of it, I must say that it is hard to conceive any- 
thing so simple or safe as the plan offered by me. 

Still another point presents itself. When piece-work is intro- 
duced in place of day’s work, the rate offered is usually less than 
the work previously cést. The workmen often object, as few of 
them know the real capacity of the tools, and the system is only 
introduced by the exercise of some coercion on the part of the 
employer. Nevertheless these first rates are eventually found to 
be too high, and a really large output is only reached after several 
successive cuts. Now, if the final output is to be determined at 
once by Mr. Taylor’s method, and the rates fixed in accordance, is 
not still greater opposition on the part of the men to be expected ? 
The maximum output is usually and necessarily a matter of 
growth. With Mr. Taylor’s plan there must intervene a period 
of low pay. The outcome is uncertain to the workmen. They 
are full of distrust, and can they be blamed if they rebel? Right 
here, again, the merits of the Premium Plan are conspicuous. 
There is no cut at its introduction ; on the contrary, present out- 
put is taken as the basis, and the workman is offered an increased 
wage if he will increase the output. The result is satisfaction 
from the start, and increasing satisfaction as time goes on. Nothing 
can be simpler, fairer, or plainer, and nothing can meet all the 
varied conditions more perfectly. 

_ Mr. F. W. Taylor.—In Mr. Halsey’s criticism of my piece-rate 
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eystem, he very justly lays great weight on the elementary rate- — 
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fixing as the most important part of the system. An accurate =~ 
knowledge of the quickest time in which each job can be done is ae = Bei 
the very foundation upon which the differential rate rests, and — 
without this knowledge the whole system must fall to the ground. © 
Mr. Halsey is in error, however, in his assumption that my _ 
system of piece-work involves paying a higher price per piece a 
than is paid under the ordinary system. On the contrary, with eee vA 
the differential rate the price will, in nine cases out of ten, be — ber es 
much lower than would be paid per piece either under the ordi- _ ve ae 
nary piece-work plan or on day’s work. An illustration of this © Ae ate 
fact can be seen by referring to paragraphs 79 to 83 of the paper, ‘ eK ss tee 
in which it will be found that a piece of work for which the work- em 
men had received for years, under the ordinary piece-work system, 5 oe 
50 cents per piece, was done under my system for 35 cents per ws 
piece, while in this case the workmen earned $3.50 per day, when _ 


they had formerly made, under the 50-cent rate, only $2.25 per : ge 

day. 

It is quite\true that under the differential rate the workmen = 
earn higher wages than under other systems, but it is not that = he 
they get a higher price per piece, but because they work much  —- 
harder, since they feel that they can let themselves out to the ae : PE, 


fullest extent, without danger of going against their own interests’ es 
in the long run. What I said in the paper was that the manage- 
ment could well afford to pay a higher price per piece, to peeeel “ 
the maximum possible ontput, not that it was necessary to do so. 

Mr. Halsey is right in saying that there is sometimes difficulty in _ 
introducing the differential rate, owing to the great and sudden in- 
crease in speed which is demanded of the workmen. This is — 
particularly true of the first few cases in which the system is 
applied in a new establishment—C’est le premier pas qua coute— 
and much tact and skill is sometimes required to get the men oe 
accept and work under the first rate. After the system, however, — - Act 
once has a start in a place, on however small a scale, the mar se Ss oe 
are quite as quick to recognize its merits from their standpoint as ees © 
the management are from theirs. his 4 ae 
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Mr. Halsey’s is by far the best of the ordinary systems of piece- 
work, yet, even under his system, there still remains what to my oF 
mind is the very weakest point of all the ordinary systems, and 
what may be called, almost, the curse of modern industrial 
management, namely, that it is for the workman’s interest to 
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“ soldier” and go as slowly as possible on each new piece of work 


when piece-work first starts; and for this reason, even after 
piece-work has been inaugurated, under Mr. Halsey’s plan, there 
is almost necessarily a great lack of justice in the prices fixed for 
different jobs, since the starting-point from which the first rate is 


from records obtained when a good man was working close to his 
maximum speed, while others are based on the performance of a 
medium man, at one-third or one-quarter speed, and from this 
follows a great inequality and injustice in the reward of even the 
same man when at work on different jobs. 

Other defects of Mr. Halsey’s plan, and which are corrected by 
my system, are: 

First. That it is slow and irregular in its operation in reducing 
costs, being dependent upon the whims of the men working under 
it. 

Second. That it fails to especially attract first-class men and 
discourage inferior men. 


output of the establishment per man and per machine. 


Society, I want to thank you for the privilege of just saying a 
word. The paper we have just listened to and the presentation 
made by Mr. Taylor strike me as being perhaps the most remark- 
able thing of its kind I ever heard in my life. I do not 
wish to say anything about its merits, or demerits, if it has any. 
My knowledge of it is altogether too superficial to admit of any- 
thing of that sort ; but I can sympathize with every word he said, 
for the reason that fortunately, or perhaps unfortunately, I was 
for five years at one time occupying the position of president of 
a very large organization, which would be called a labor organi- 
zation, prominently identified with the iron business. With us, 
the treatment of this piece-work problem was something which, 


nervous ; and when I think of the problems which might be 
solved by this paper presented by Mr. Taylor—such a one, for 
instance, as was solved by the military at Homestead a year or two 
ago—when I think of all those things, and of the numberless 


* Formerly President of the Brotherhood of Machine Moulders, present by 


that comes along, so as to get as high a price per piece as possible | 


fixed is unequal and unjust. Some of the rates may have resulted — 


Third. That it does not automatically insure the maximum 


Mr. John A. Penton.*—Although I am not a member of the 


-even now as I think of it, causes me to shudder and to feel a little. 
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man, I want to congratulate Mr. Taylor and to say that his paper, Sa ae i 
I think, is a landmark in the field of political economy; and,as = 
all our leading thinkers have devoted their time in the last few 


years to solving problems of that kind, [ feel that the paper he 
has written is worthy of the greatest consideration at the hands 


of every employer, and at the hands, also, of the employee. It Bey | 
seems to me that every sentence, almost, might form atextforan 


article. It certainly enunciates a number of logical ideas, and I x 


feel that I would like to go before the American Society of ee ye 
Mechanical Engineers, and, as a workman, testify to my feelings 


in the matter. 


W. S. Rogers.—It is strange how we meet old faces once 
in a while. In 1883, in the State of Ohio, I had charge of men, __ 


and that identical plan of a differential piece-price came into my — 


head. I was not near as old then as I am now, but I recognize, foon 
also, the fact that I am not talking to students now. I am talk- 
ing to men who know more than I do of how to handle men. A 
very capable member of this association, who is now dead (Cap- _ 


tain Minot), was a particular friend of mine, and I laid this plan — 
before him. He said: “ Do you believein it?” I said: “ I think 


that is just the thing to fetch my shop right down to where it ought © fe 

to be.” He said: “Try it.” He went by my shop toandfroto 
his, and he would stop occasionally and say: “ Rogers,howisthe __ 
differential working?” At first I was enthusiastic. Attheend 
of six weeks, he said: “ Rogers, what do you think of the differ. he 


ential?” I said: “Captain, I feel like a thief; it isn’t honest. ; 


There are times when a man cannot turn out as much work ied tee 
to-day as he did yesterday, and it is not his fault; the fault lies : 
sometimes in the foundry or elsewhere, and the man is not to ~ 


blame, but I have got to live up to my rules and cut the price.” 


“Well,” he said, “I thought you would feel that way, and Ihave 


been feeling that way for you.” Then I abolished it. At the 
Providence meeting, Mr. Halsey read a paper on the Premium 


Sharing Plan. I have tried it three times since. I[haveafriend 
of mine trying it. I am trying that in the shop where I am 


to-day, and it is simple and easy, and the men ask for it. You 


cannot give it to them fast enough, and you do not require a rate | y se 


fixer. Now, as to cutting prices and cutting rates, I know 


an instance that occurred not long ago. A man took charge of a sia 


shop, and not ten days after he went there he slapped it on to 
57 
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piece-work. To-day he is looking for another situation and the 
firm is cutting the men. You cannot pass to piece-work instantly, 
or anything else, until you thoroughly understand the whole sit- 
uation ; and you have got to throw your hobbies and ideas to the 
winds and be governed by what you find and the men you find. 
A short time ago a man applied at our place for work. I make 
it a point, if possible, to hire every man. He said he was a 
machinist. He asked what wages he would get. I said: “That 
depends on you; your rate will not be fixed for one week.” 
I asked where he was from. He replied that he was glad to 
get away from a place where the differential system was in 
operation. 

Mr. F. W. Taylor.—I must object to Mr. Rogers saying that 
he tried my system of piece-work; for, according to his own 
statement, he entirely omitted the vital part of my plan, namely, 
the elementary rate-fixing, without which the differential rate 
must, in most cases, prove a failure. He, however, says that he 
only tried differential rates for six weeks, which, in point of fact, 
is no trial whatever. If he had tried the plan for six years or 
even six months, and abandoned it, his experience might have 
some weight, but six weeks counts for nothing. Regarding his 
statement that his workman was glad to get away from my sys- 
tem, all that I need say is that about a thousand ofthe most 


intelligent, most prosperous, and contented workmen in the coun- © z 


try are working there under this system, and a majority of these 
men have been in the employ of the company for more than ten 
years, without complaint about the system, and without a strike 
or even the talk of a strike. Can Mr. Rogers say as much 
regarding the workmen of any other steel works in the country? | 
Mr. Wm. Kent—I am very glad that Mr. Rogers has attacked 
Mr. Taylor's paper. There are very few men who have the 
courage to do it. I hope there will be others who will rise up 
and attack it, and I know of no man stronger than Mr. Taylor to 
repel such attacks. He is just the kind of man to stand a good 
deal of hammering, but sometimes I think he may come out on 
top. 
In regard to Mr. Halsey’s plan, which Mr. Rogers has indorsed, 
I had the pleasure some years ago of indorsing it also, and I 
think I was possibly the first one to put it on trial, because Mr. 
Halsey had told me about it two or three years before he pub- 
lished his paper. So far as I know, the plan has been an entire 
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success. But my opinion is that Mr. Taylor's in is a little i 
ahead. It is probably a little better, provided it is carried out 
with proper intelligence, by the right men, with proper sense 
of generous treatment of their workmen. I regard this whole _ 


question, which was started, possibly, by Mr. Towne, in his 


. paper, then continued by Mr. Halsey, and now supplemented SNe ; 2 


by Mr. Taylor’s paper, as one of the most important questions, 


not only before this Society, but before the world to-day— os a 
the harmonizing of labor and capital; and this question is not 
to be settled by the opinion of the old-time mechanics, such _ 


as my young friend who has spoken. It is to be settled, after a 


profound study, by men capable of logical analysis, and by — =, j 


students of political economy, and I do not expect that we are > 


going to introduce any of these systems, in any great degree, by faye 
the men who are now over fifty years of age, who have all their 
old-time prejudices; but I think it will be from such men asthe = 
one who presented those opening remarks, such as Mr. Gantt,a  =»—> 
young man, a technical graduate, who has given some attention = 
not only to workshop matters, but to political economy, and that —__ 
such men will be the ones who will introduce this system in the __ 
long run. I hope to see this subject of workshop economics —_ 
taught as an inductive science from actual statistics—statisticg of = 
tool cutting, of wages, of rates, in the modern method of studying __ 
political economy; that this science must be taught in our tech- __ 
nical schools, and that our graduates will graduate, not with the 


knowledge of how to apply this system, but with minds trained to 


begin studying the system in practice, and gradually the proper __ 
system for our shops will be evolved. I heartily congratulate 
Mr. Taylor on the paper he has presented, and hope he willcon- 
tinue his studies for a great many years to come in this direction. _ ae 

Mr. D. L. Barnes.—I would like to ask Mr. Taylora question 
about a matter upon which he has not entered in his paper. __ . 
How does he deal with the apprentice system? A good appren- — aS 
tice will often do as much work as a journeyman. Now,isheto 
get the same price? The temptation for the manufacturer is to 
use as many apprentices as possible. How are disputes aboufé 
apprentices with labor organizations to be settled? That,to 
my mind, is the most important problem with which a manu- pan : 
facturer has to deal, when the work is such that an apprentice os 


can do it. 


The plan eens by Mr. Taylor is sansa inashop where _ 
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"the profit is great and where there is an unlimited amount of 


orders to work on. But suppose the contract price is fixed, and 


the orders are not very frequent, and the profits small; can a man 


afford to pay more for extra quality work than for what will pass 


as good work? It seems to me that the manufacturer can afford, 
under those conditions, to pay only one price, and that is to get 
_ work good enough to pass inspection, and how the differential rate 


system can be applied under those circumstances I do not see. 
Mr. Taylor.—The answer to that is this : With regard to appren- 


tices, in the first place, the Midvale Steel Company takes no 
regular apprentices, in the old-fashioned meaning of the term, but 
they do take a great many boys, young men, and even older 
_ laborers, and teach them trades, and when I was there I treated 
my apprentices or learners just as I would the other men. [ let 
_ them earn all that they could earn, and I was delighted to have 
them do it. I do not care who turns out my work. So much 
_ work is worth so much money, whether done by an apprentice or 
by a man just tottering to the grave. With all due respect to 


Mr. Barnes, the apprentices or learners are not able to do, in my 


u experience, anything like as much work as the first-class trained 
_ workmen are able to do, and under the differential rate system 


they must be content with the lower price per piece. They, how- 


ever, always have the higher price per piece before them as a goal, 


to spur them on to become fast and accurate workmen, and the 


system has certainly worked admirably in this respect, since I 
should say that fully two-thirds of the skilled workmen of the 


place have been taught their trades right there in the steel works. 


As to the second matter referred to by Mr. Barnes, namely, the 
applicability of the differential rate to a shop which did not have 


sufficient work to completely occupy all of its tools ; if the differ- 


ential rate system involved paying a higher price per piece than is 
paid under other systems—that is, if you had to pay with the differ- 
ential rate actually a higher price for a piece than your competitors 
pay—then Mr. Barnes is perfectly right in saying that in a shop 
which runs slack of work this could not be done. As I have 
already explained in answering Mr. Halsey, however, in most 
cases where the differential rate is applied your actual piece-work 
rate is lower than your competitor’s price is, so that you have the 
advantage not only of a larger productivity per tool, but also a 
lower price per piece. 

Mr. Rogers——Mr. Barnes touched on the apprenticeship ques- 
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into the shop, into the cold-blooded grind of practice, it is totally 
different. Now, I do not believe an apprentice has any business 
in the Midvale Steel Works any more than he has in the works 
where I am. An apprentice goes in and contracts with his 
employer, and the employer is to teach him the business. When 
an apprentice comes into our works, I cannot conscientiously 
arrange to have that man spend three months on the miller, four 
months on the vice, on the big planer, on the boring mills, teach- 
ing him how to run all those things and how to become a first- 
class mechanic. If I do, I turn that shop into an educational 
institution and the firm loses. If I put the man where he belongs 
and keep him there, and make him good at one particular point, 
I am dishonest toward him. He works three or four years, and 
his time is up. I cannot afford to pay him what a good mechanic 
is worth, and he goes to the next shop—in some other town. 
“ Where are you from?” “ So-and-so’s steam-pump works,” and 
the first day he is fired out for spoiling a job, and they say, That 
is the kind of work they turn out up there. The apprentice belongs 
only in a shop where he works to-day on a sewing machine and 
to-morrow on something else. Our shop is not a machine-shop; 
it is a factory, a manufacturing establishment, just the same as 
the Midvale Works, and an apprentice has no business in either. 
Mr. Gustavus C. Henning.—I would like to add a few words in 
commendation of Mr. Taylor’s paper, not because I have been an 
employer of labor, but simply because I have suffered from being 
in intimate connection with unsatisfied laborers. I found that, in 
shops where the old-fashioned piece-rate was in vogue, every time 
a man did a good piece of work his wages were cut down. They 
would induce a man to turn out the work on the plea that it had 
to go out in a hurry, and just as soon as his amount of work 
increased his rate was cut down, so that he was always kept to 
earn about the same amount of money per day. I remember one 
case where this had a very important effect on the character of 
the work. It was driving rivets. The men were driving originally 
about 2,500 steel rivets, with hydraulic riveters, by contract, but 
they earned so much money at the rate they were getting that 
before the next lot of similar work was contracted for a lower 
rate was offered, and the men had to drive 3,500 instead of 2,500. 
The first trouble that arose was that 90 per cent. of the rivets 
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Then the shop began to question the 
propriety of the inspector marking all the loose rivets, because 
most of them could only be shown to be loose by tapping them 
on both sides of the head, but if tapped on one side only they 
would rarely show a defect. Then the men were made to cut out 
this work at their own expense and put in new rivets, the shop 
paying for the new rivets, but the labor was found by the riveting 
gang, and they lost money. Then the power for driving the 
rivets was increased, improving the work very much. The men 
actually succeeded in running up their capacity to about 4,500 
rivets per 10 hours, but there were so many loose ones in the 
work that the men, of themselves, discarded the use of steel rivets, 
although it was prescribed by the specifications, and used iron 
rivets, because they could be driven tighter. Then, when the 
objection was made that the contract called for steel rivets, 
heaven and earth were raised to prevent the reintroduction of 
steel rivets, and the work was shipped one hundred and twenty- 
six miles, with these wrought-iron rivets in place, and it was 
only after the severest fight that they were compelled to cut out 
about 3,000 iron rivets in the field and replace them by steel, 
simply to make the contractors understand that they would 
have to carry out their agreement. That was all caused by 
the piece-rate system. If such a system as this had been in 
use, such a thing could never have occurred. Those men were 
trying to do their best, but by doing their best they were com- 
pelled to work harder and were getting less and less pay; the 
work was inferior to what it was when the men were getting less 
pay and turning out less. I think, if such a system as Mr. Taylor 
here describes can be carried out on any work in hand, and 
arranged to suit the particular shop in which it is to be intro- 
duced, it would certainly improve the work, increase the capacity, 
and make the general relation between employer and employee 
a far more satisfactory one than it is in many of our works at the 
present day. 

Mr. C. EF. Bement.—I would like to ask Mr. Taylor a question 
or two. Do I understand that when the maximum day’s work is 
fixed, it is never changed ? 

- Mr. Taylor.—When, by the elementary rate-fixing, you have 
found out what a maximum day’s work is, for instance, on a lathe 
or a planer, on a certain class of work, that rate is never changed 
until some new element enters the problem; that is, until you 
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have a distinctly new method of doing the work. If you invént a 
new tool which will turn out more work, or if the machine hereto- 
fore used is materially improved or better speeded, etc., then the 
rate is altered; but while the conditions remain the same as 
originally, and after a careful and thorough analysis has been 
made of the quickest time in which the job can be done, that rate 
is never cut ; that rate remains permanent until a material change 
takes place in the rate of wages paid throughout the country— 
such a change, for example, as occurred very generally in the rate 
of wages paid in 1893. At this time, the rate of wages paid 
under differential rates was cut, and the men did not complain of 
the cut. They saw the justice of it. 

Mr. Bement.—Suppose, in ordinary piece-work, the same pains 
was taken and the piece-work price was fixed on that basis, 
wouldn’t that be as justas your system? You fix a day’s work 
which you calculate is the greatest that the machine or man 
can turn out. Now, suppose in an ordinary piece-work shop, 
such as I am running, we fix a piece-work price based on a maxi- 
mum day’s work, why is not that as just a price, provided the 


same pains is taken to fix it? 


Mr. Taylor.—If you can once persuade your men that you are 
really going to allow them to earn more than the usual standard 
of wages no differential is essential; that is to say, it is not then 
nearly as necessary as it usually is. I think I said distinctly in 
the paper that, after your men are thoroughly in accord with 
the management and you are all pulling together, it is possi- 
ble to drop the differential rate without a great sacrifice of the 
amount of your product, but even then you will make a sacrifice 
of possibly 10, 15, or 20 per cent. of your product, because the 
incentive of earning his differential is lacking to make each man 
work to his maximum. The case is very much like running a 
race—if there is no goal to reach, if each man can goat any 
rate of speed to suit himself, they will not go as fast as they will 
if they have got to get to the tape at a certain time, or else forfeit 
their premium. That is the incentive of the differential rate. 
What I did not speak of and what is of equal importance is, that 
it spurs the firm to keep their shop in the best of order. Every- 
thing must be kept up in the finest state of repair, or the men can- 
not earn their differential rate, and I think, if possible, that this 
indirect result of the system is a greater benefit to the firm 
than the rate is itself. 


4 


895 
iy: 
.. 
race 
. 
? 
| 
_ 
“3 
re 
a 


answer make the thing clear to me now. This differential rate 
is really a punishment inflicted on a man when he does not attain 
the high standard fixed—the maximum standard—in the quality 
of the workmanship. As long as he does that he receives no 
punishment, but when he fails, he is punished under the disguise 
of a differential rate. 

Myr. Pilatt—I1 would like to ask Mr. Taylor whether the price 
is set at what might be called the highest possible efficiency. 
For instance, in the case of turning tires, the rate is put down at 
35 cents if 10 tires are turned, and at 25 cents if less than 10 
are turned. Now, is 10 all that it is possible for a man to do, or 
would he ever get out 12? 

Mi. Taylor.—The case referred to in the paper was not that of 
turning tires. In this case, however, I have known one man to 
get out 11 pieces in the whole course of years of work. That is the 
most that has ever been done in a day. 

Mr. Platt.—Concerning the highest price, it seems to me that 
some have overlooked the fact that it is an advantage to the works 
to have the men turn out as much as possible, because it costs 
just. as much for fixed charges, whether the tool turns out 5 pieces 
or 10. On page 879 of this paper, the “machine cost,” which I 
suppose includes all kinds of fixed charges, is given at $3.37 per 
day. That is 33;4, cents on 10 pieces, and 67;4 cents on 5 pieces, 
a difference of 33,4 cents. That is a very good profit on some 
pieces. On that account, I think it is desirable to let the men 
know that you know how much it is possible to do. I have been 
on both sides of this question, and I do not take wholly either the 
side which Mr. Rogers takes or the side that Mr. Taylor takes. 
I must say that I lean a good deal more toward Mr. Taylor than 
toward Mr. Rogers. I never had any difficulty i in instituting the 
piece-rate price. 

Allusion has been made to apprentices. I had experience for 
a number of years with a “ bonus” system, which worked admi- 
rably, and in which there was a prize—not a forfeit—in case the 
boy did his work propenly. Starting in at 50 cents a day, we 
worked up to $1.25. We advanced wages every six months, and 
credited a bonus to those who did their work properly. At the 
end of four years, or whatever the time was, they were paid 
what had accumulated. If one came in two or three days before 
the term was up, and wanted a little of the bonus money, it was 
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oii on nen were told, “ If you come here after six o’clock on 
the last night of the nppechtiedshie you will get your bonus, but 
if meanwhile you maliciously spoil a machine, you will forfeit the 
whole bonus.” The consequence was that the boys took their $100 
or $145 when the time was up, put some of it in the savings bank, 
and became some of the best workmen in the shops. I do not 
believe there is anything in this world that we work for except 
reward and the fear of punishment. 

Mr. J. L. Gobeille—This paper is especially interesting, since 
- our moral responsibility toward those in our employ is so prom- 
- inent a feature of this discussion. In a certain concern, twenty 


an men were displaced by that number of women, the output of both 


being practically the same. Now, the average pay of these women 
was much less, perhaps one-half what the men had earned. 

While we are discussing ethics and morals, the question comes 
to me whether it is right to put those women in at the highest 
rate they had previously earned, and thus save an equal sum for 

_ the department, or whether they should have been paid, as Mr. 

Taylor paid his apprentices, equal pay for equal work. Appren- 
 ticeship, by the way, is a back number and a lost art, except in 

_ shops in small country towns, and they do not pay the same rate 
as men get per unit of work. 

Seriously, I believe the “woman question” will be prominently 
before the Society in a few years. In a little while women will be 
running all the lighter tools in machine-shops and factories. This 
is certainly coming. I am doing it and others must come to it. 

Believing that our first duty is to the workman, and profit on the 
investment a secondary consideration, what discrimination, if any, 
shall we make between men and women, without, perhaps, in 
every instance taking the high moral ground that Mr. Rogers 
esteems so important in running a factory ? 

Mr. J. F. Holloway.—Feeling that I may possibly claim a place 
in that class known as old-time mechanics, I would like to say a 
few words on the matter under discussion. It certainly does com- 
mend itself to all thoughtful and well-meaning persons, that there 
should be some method provided by which workmen could obtain 
a better rate for what they do, and, at the same time, that pro- 
prietors should make more money out of it. Whenever that can 
be accomplished, it certainly will be a long step in advance. It 
seems to me that, in these latter days, so many combinations and 
_80 many differences have come up that it is aloes difficult 
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to see how this may be brought about. The changed conditions 
in manufacturing, especially in the line of manufacturing with 
which most of us are connected, that of machinery, are so different 
from what they were years ago that they have brought in new 
complications. As: Mr. Gobeille has well said, he doesn’t know 
where the apprentices are to-day. I myself hardly know where 
you will find apprentices. When Mr. Rogers and I were boys, 
the apprentices were in small shops. The machine shops of this 
country were individual shops ; they were owned by the man who 
operated them, or by a small partnership, and the apprentice had 
the privilege, the inestimable privilege, of living in the family, of 
getting up in the early morning and making the fire, milking the 
cow, and taking care of the horse, before he went to work in the 
shop. There was a certain community of feeling, in those days, 
between the boys in the shop and the master, which I think 
passed away when machine-shop owners became corporations, 
when they were managed by a board of directors who never saw 
the workmen, who knew nothing of them, individually, and, as I 
fear, cared less. 

It is unfortunate in many ways that there should have been 
that sort of a diversion of interests, that sort of almost antagonism 
which has grown up in these latter years between workmen and 
their employers, and often for the reason that they do not know 
who their employers are. They know the superintendent of the 
works, and they know their foreman, and they have a slight 
acquaintance with the paymaster, through the medium of their 
check number, but over and beyond that they do not know who 
they work for. They never come in contact with the owners, 
and that sort of human contact which is so essential to good 
feeling, as Mr. Taylor has well observed, is not now prominent. 
The directors look only at the balance sheet. If the affairs of 
the company have been well managed, or the state of the market 
has been such as to enable them to show good balance sheets, 
then there is nothing said ; but if unfortunate contracts have been 
made, or if the market prices have gone down and the balance is 
on the wrong side of the ledger, the directors, meeting in solemn 
conclave, say, Well, we have got to cut the workmen, and they do 
so; and in doing that there has grown up, as I say, a sort of 
antagonism between workmen and employers which is exceedingly 
unfortunate for both. If any way can be devised by which this 
can be remedied, it will be certainly an advantage to.each. So 
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far as the intent of de paper is concerned, snd: s so , far as the 
many good things in it are concerned, I heartily commend it, and 
I am very glad, indeed, to have listened to it. I am very glad, 


indeed, to know that there are gentlemen in the profession of.- 


engineering who are thinking and studying about the social side 
of these questions, and I am in hopes that something may come 
out of it which may be of mutual benefit. There are other 
elements which have come into existence in latter years which 
have been, I think, equally harmful. Among them are organi- 
zations, ostensibly for the benefit of the workman and possibly in 
some ways truly so. In many instances they have assumed to do 
the workman’s thinking. They have assumed to take care of the 
workman, as they say, but unfortunately, in many cases, the men 
who have thus assumed to take care of the workmen are not the 
men who should have been put in the place of leaders, and it is, 
unfortunately, often for this reason that strikes arise, that divisions 
take place. There has grown up a feeling that one man shall have 
the same pay as another man, irrespective of his skill, experi- 
ence, or industry. I think that is unfortunate, because it detracts 
from the energy and from the industry and from the ambition of 
a good man. These associations, which I am quite willing to 
believe were intentionally well-meant, and designed for the wel- 
fare of the workmen, compel certain things which I am certain 
do not in the end conduce to their advantage, because it brings 
all men to one lower level. No matter how good workmen they 
may be, no matter how industrious they may be, no matter how 
ambitious they may be to get a home for themselves and their 
family, they are tied down to one common grade and they are 
controlled often by one person, so that the individual liberty of 
the workman to-day is wanting. 

As to the matter of apprentices and as to the matter of pay 
that they may get, I would say that the work of to-day is done 
largely by special machinery. I can hardly agree with my friend 
Mr. Rogers in his suggestion, elsewhere made at this meeting, 
that we should do away with all engine lathes, and throw them 
into the scrap heap; but it is true that the special machines of 
to-day largely supplement the industry and the intelligence of the 
workman. A bright young fellow, without any previous mechani- 
cal training, can go into almost any establishment and go on 
almost any machine, and with industry and application he can in 
a very short time do just as much as a skilled workman-on that 
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machine. In fact, the term skilled workman is now a very in- 
definite term. He may be a skilled workman on a slotting 
machine, or a shaper, or milling machine, but the true skilled 
_ .workman, whom you could send anywhere to do anything, and 
who could accomplish it with few or no tools, is sadly wanting. 
So I can hardly see how you can manage the apprentice part of 
any system so long as there are no longer any apprentices to apply 
it to. 
Mr. Chas. H. Norton.—I do not feel competent to discuss this 
paper, although my sympathies are with Mr. Taylor, and I believe 
_ his sympathies are with the right in this matter. About the 
_ apprentice question—Mr. Rogers says that apprentices have no 


Se ___ business in a prosperous shop; that we cannot make money and 
by ss: run an educational institution ; that is the way I interpret him. 

soa Bes Now, if you were in my office I could show you a picture of 


_ gome 60 or 80 apprentices ; that picture was taken in their 
 lecture-room, and the concern they worked for is probably the 
most prosperous machinery concern in the world. It is man- 
aged mostly on the day-work system, but the personal element 
of the manager has probably most to do with it. If our educa- 
tional institutions could “bring up” mechanics, and educate 
into them the right personal elements to fit them to manage 
workmen as men, as Mr. Taylor says, such ability on the part 
of managers will bring success with any reasonable plan. The 
concern I refer to is the Brown & Sharpe Manufacturing 
Company, employing at one time 1,200 men. They have got | 
60 or 80 apprentices, and those apprentices are apparently 4 
happy, and they take a good deal of pride in their institution ; 3 
as you see them in their lecture-room every week and somebody i 
to talk to them there—in the establishment or from outside—you  —_— 
will see that they are enjoying it and they are learning some-' 
thing. And that concern is probably making as good a profit 
as any machinery concern in the world, and the profit is coming 
along with that “educational institution.” 

Mr. W. R. Warner.—There are quite a number of large manufac- 
tories where the apprentice system has been very successfully 
carried out. The firm in which I am interested often receive 
letters of application for positions from East and West and all 
around, and it is not a rare occurrence for the letter to begin with 
the statement that the writer served an apprenticeship with the - 
Brown & Sharpe Company or with the Pratt & Whitney Com- F 
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pany, and the 

these young men can have. Being able to state that fact is 
equivalent to securing them work, and as a result it is very 
seldom that a person makes application to our shop who has ever 
learned a trade in those companies, because they have employ- 
ment continually ; they do not get out of a job, and when they 
wish to change, all they have to do is to write to this, that, and 
the other firm, and work is offered them at once. Now, I am 
familiar with the system to which Mr. Norton has referred 
with the Brown & Sharpe Company, and also with the Pratt & 
Whitney Company, and I want to say that if a census of both 
those concerns were taken, you would find that nearly all the 
foremen or managers or chief draughtsmen were apprentices for 
those companies. This is an illustration, and pardon me for 
making it a personal one. The firm in which I am interested 
has as its superintendent a young man who learned the trade 
with us. We have as our chief draughtsman a young man who 
learned the trade with us. We have as our leading foremen, all 
through the establishment, young men who learned the trade 
with us. They are better than any we can hire. Just a word 
of encouragement for those apprentices. Take the Brown & 
Sharpe Company or the Pratt & Whitney Company. They sup- 
ply their draughting-room with their best apprentices. It is a 
special reward of merit for any apprentice to secure entrance 
into the draughting-room. As a result these concerns never go 
outside to hire draughtsmen, because they have those among 
their own men who know their methods of construction, who 
understand all their system, and that is more than any outsider 
can possibly understand. A few weeks ago we needed a 
draughtsman. The superintendent said he was going to look 
over the young men in the shop and find who was the best one. 
Never for a moment did he think of going outside and hiring a 
draughtsman. But he went among the best workmen, and 
picked out one who was the most efficient when he was in the 
draughting-room. When we want a boy in the draughting- 
room, first beginning to trace drawings, and make blue-prints, 
and finally designing, we find the best boy who has made the 
best record, intellectually and morally and every other way, in 
his work in the shop, and asa special reward of merit that fellow 
is put in the draughting-room and given six months there. If he 
uses his opportunities he will, by the time he finishes his 
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apprenticeship, be not only an excellent machinist, but a 
draughtsman and designer, and many such are being turned out 
_ every year in these large concerns down East. If you go among 
_ the shops in Chicago or the Western States you find in almost 
every one of them a few Pratt & Whitney men and a few Brown 
_ & Sharpe men. They have left the parent concern with the educa- 
tion they received there, and they are taking these leading posi- 
tions in those large manufacturing concerns in the West. Now, 
most of those men I have referred to have not received a tech- 
nical education. Doubtless, all would have succeeded better 
had they received a technical education. Ina shop I know well, 
- @ young man who came from the woods of Maine is now superin- 
_ tendent, and has had under him for two years a professor of civil 
_ engineering who has taught in the colleges for twelve years, and 
still he has been under this backwoods boy, getting less than half 
the salary he receives, simply because, with his technical educa- 
tion, he has not come up to the standard which this other one 
had attained without it. I ought to qualify this remark simply 
_ to say that I do not in any way undervalue the technical educa- 
tion, but I state this to show how young men who came. up from 
the ranks have, in spite of that drawback, gained ground every 
year, and come forward and developed qualities ior commanding 
men, qualities for working out difficult engineering problems. 
— One of the most important of those qualities is the qualification 
for managing men, and it is one department which I believe all 
colleges in the future will organize, with special methods. The 
- eolleges teach the rules in the books, they teach the engineer- 
ing rules, but one of the most important things for any young 
man to learn is diplomacy, executive ability. It may all be 
summed up, perhaps, in those two words. Now, he can learn 
that in a large establishment like Pratt & Whitney’s or Brown 
_ & Sharpe’s, but never could he learn that in a college. It isone 
of the elements and qualifications which is most important and 
most essential in the education of any young engineer. I am 
glad to tell Mr. Rogers that these large companies down East 
are still keeping up the apprentice system, and the companies 
throughout the country are receiving good superintendents, who 
come from Brown & Sharpe and Pratt & Whitney and other 
similar institutions. 
Mr. F. W. Taylor.*—I am much surprised and disappointed 


* Author’s closure, under the Rules. 


a 
Re 
> 
t 
4 
na 
4 
a 
> 
| 
4 


that the elementary rate-fixing has not received more attention 
during the discussion. No better evidence could have been 
produced, however, of the crude and elementary state in which 
the art now stands, of determining the time to do work and of 
fixing rates, than that only one member of the engineering 
Society which is in the closest touch with the manufacturers of 
the country should have most briefiy referred to the matter, 
while thirteen engineers have discussed at length the less 
important matter of what kind of piece-work to use. 

I am, nevertheless, most firmly convinced that the question of 
scientific rate-fixing must occupy more and more of the attention 
of manufacturers in the future. Competition will force the 
subject upon them. 

I think that this will prove a most fruitful field for investiga- 
tion for young engineers in the future. 
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THE EFFECT OF LENGTH OF SPECIMEN ON THE 


PEROENTAGE OF EXTENSION. 


att, BY R. C. CARPENTER, ITHACA, N. 


(Member of the Society.) 


te In making tests, during the past season, of steel to be used in 

boiler construction, to determine whether or not certain specifi- 
cations as to strength and ductility were complied with, the 
writer found that in most cases no requirement for. the length 
of specimen from which the tests were to be made was included 
in the specifications, and that the practice among different 
manufacturers, as to the length of the test specimen, varied con- 
siderably with circumstances. 

In making the tests. the extension was in all cases measured 
after the rupture had occurred, allowing, when necessary, for 
eccentric fracture, by the method given at length in vol. xi., 
page 621, of the Transactions of this Society, and the percent- 
age of extension was obtained by dividing the corrected exten- 
sion by the original length. 

It was well known before making the tests that the percent- 
age of extension obtained in this manner was affected to a great 
extent by the length of the specimen, and the investigation, the 
results of which are recorded in this paper, was undertaken for 
the purpose of ascertaining, if possible, what difference was due to 
varying lengths of specimen.t The investigation was, of a neces- 
sity, limited to such specimens as could be obtained for the pur- 
pose, and hence the results which are given will probably need 
to be modified more or less, for material of different nature or 
when tested under different conditions. 


¢ 


NotTEe.—The term ductility is often applied to denote the percentage of exten- 
sion, and was so used in the original manuscript of this paper. This term is also 
applied to a physical property of matter, and the writer agrees with Mr, Henning 
and others, that it is well to confine the term to its physical application, and to 
use extension in its stead in engineering discussions. 

*Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+See also Transactions American Society Mechanical Engineers, vol. xiii., 
pp. 289-296. 
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Previous to making the test a series of experiments had been 
made in the Sibley College laboratories on specimens of various 
kinds, which indicated that the extension per unit of length at 
maximum load was constant throughout a test specimen, and 
hence was independent | of the length of specimen. In connec- 
tion with this investi- 
gation, this property 
was also examined, 
and from the limited 

— nature of the experi- 
ments made it would 
appear that if the quality of steel were gauged by the percent- 

age of extension at maximum load instead of percentage after 

rupture the length of the specimen would have little or no 

material affect on the results. 
The tests which are recorded were made on specimens with 

flat and round section. Fiat specimens, of the form shownin —T 

the accompanying diagram (Fig. 239), were cut outof couponsof 
_ boiler steel furnished by the Watertown Engine Works. The _ 

length between shoulders was made respectively two, four, six, 

and eight inches. 


CURVES FOR STEEL BOILER PLATE. 
FINAL EXTENSION AFTER RUPTURE [past SRK 
Curve from %" bars st 
B Curve from bars 1"x %"wide - 
Percent of Elongation at maximum load ‘nel 
mih 2 to. 


clone 
Lad 
dave 


Extension percent. 


Lengths between, Shoulders in inches. 


Fie. 240. 


The flat specimens were in two series; in one they were an 
inch, and in the other an inch and a half, in width. 

The steel furnished was not in every case from the same 
sheets, and hence there was some individual difference, due to 
the nature of the steel. 
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The detailed results of the tests are given in the accompany- 
ing table, and are shown graphically in diagram, Fig. 240. 

From the diagram the general results of the tests are readily 
seen. It will be noted that the wider plate shows a greater 


percentage of extension than the narrower one, and, further, that 


i 


bua 

Length between Shoulders in Inches, 

Fie. 241. 


{ Curve of final extension ; average 
of (134"and 1" x 36") bars. 


F. Same for maximum load. 


8 & 


Percent of Ductility. 


the percentage of elongation at maximum load is practically 
constant, regardless of the length of test specimen. The aver- 
age results of all tests on flat plates are shown in Fig. 241. 

The test made with round specimens was conducted in essen- 
tially the same manner ; the iron before turning being uniformly 
of a diameter of { inch, which was turned down to § inch in 
the centre, for a distance half an inch greater than the gauged 
length of specimen. For convenience in turning, a shoulder 4} 
inch in diameter and 
half an inch in length 
was left on each end. 
The general form of 
the test specimen being 
as shown in Fig. 242, 
the gauged length was respectively two, four, six, and eightinches. 

The specimens were all tested in tension, in the same way, 
and on the same testing machine. The testing was done by Mr. 
©. E. Houghton, M.E., assisted by H. J. Edsall and M. C. 
Rorty as observers, and to whom I am indebted for assistance 

sults. 
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In testing, the load was rapidly applied until nearly the maxi- 
mum was reached; it was then applied slowly until after the 
maximum had been passed. The position of the maximum 
load was determined by observation of the scale beam of the 
machine, which can be done with accuracy. At the instant the 
maximum load was reached, the extension was measured by 
sharp-pointed calipers and the results recorded. This method 
of measurement of extension is open to a slight error, due to 
inexactness of applying the calipers, and also to reading .the 


Hit] CURVES FOR PERCENTAGE EXTENSION, 
ROUND WROUGHT-IRON SPECIMENS. 


TT 


VAD 


Length of Specimen 
Fre. 248. 


4in. 


results on a detached scale, but in nearly every case the total — 
extension was so much that the maximum error could not make _ 
any very great difference in the percentage of extension. It © 
would, however, be quite easy to design an apparatus which 


would give with great accuracy the extension at the point of 2 “oa a 
maximum load, thus eliminating any possible errors of observa- __ 


tion. 


The general results of the tests with wrought-iron round © ‘ Rk: 
specimens are shown in the accompanying diagram, and, mak- __ 
ing an allowance for difference in individual specimens, would _ 


seem to follow the same general law as the flat specimens, in 
showing a decreasing percentage of extension when measured © 


after rupture, and a practically constant percentage of elonga- 


tion when measured at the time of maximum load. 
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LENGTH OF SPECIMEN ON PERCENTAGE 


‘TenstLE STRENGTH AND EXTENSION AFTER RUPTURE, ALSO AT Maximum LoaD 


FoR WROUGHT-IRON SPECIMENS OF DIFFERENT LENGTHS. 


| EXTENSION. 


inches.| pounds. 


.625 52,100 -5 |Tensile Strength, 51,570 
. 633 51,200 


5. pounds. 
51,400 .5 |Extension, 26.5—41.8 p.c. 


51,900 iy Tensile Strength, 51,070 
50,200 pounds. 


51,100 .2 |Extension, 24.2—33.7 p.c. 


51,700 |Tensile Strength, 50,970 
.622 51,000 pounds. 


.621 50,200 -16|Extension, 25.7—31.1 p.c. 


.631 | 50,200 .4 |Tensile Strength, 50,700 
635 | 51,800 | 48 


. pounds, 
.612 50,100 ' .8 |Extension, 23,4—26.7 p.c. 


Average diameter of reduced section = 0.48 inch. 


The general conclusions from the experiments are: First, that 
a standard size of specimen is necessary in order that the per- 
centage of extension shall have any definite value. 

Second, that the ultimate strength of specimens of boiler 
steel or of homogeneous wrought iron, for specimens between 
two and eight inches in length, is independent of the length of 
the test specimen. 

Third, that measures of the percentage of elongation taken 
at the instant of maximum load are moré uniform than percent- 
ages of extension taken in the usual manner after rupture has 
occurred. 

Fourth, the percentages of elongation at maximum load are 
in every case less than percentage of extension taken after rup- 
ture, for specimens two to eight inches in length, but they are 
more nearly equal as the specimen is longer. 

While the experiments which have been made are not suf- 
ficiently extensive to form a basis for a general method of 
reducing the results obtained with one length to those which 


ty 
a | 
Load. 
| 
inches. | pounds. | p.c. | p. Cc. 
1 
2 
2| 2 
642 
6| 4 | .620 
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10 8 
11 8 
12 8 
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50 
45 extension measurements after HE 
rupture, to those made at max- 
£20 
t 
S 
10 
5 
be with another length of specimen, forthe 
conditions which existed for the tests that have been described, _ 
- 
15 + a 
g 
the following graphical construction will serve to reduce the 4 
results from the case of percentage of elongation measured after __ 
rupture, to that of percentage of extension at maximum load. 4 
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OF SPECIMEN ON PERCENTAGE OF EXTENSION. 911 
Thus, for instance, in Fig. 244 the extension measured after 
rupture is abscissa ; the per cent. of extension at maximum load, 
the ordinate. As an illustration of the method of using the 
diagram, suppose that the extension measured after rupture is 
30 per cent. in a two-inch specimen ; it will be found that this 
corresponds to 15.3 per cent. elongation at maximum load. 
- This result is obtained by noting the intersection of the line 
- eorresponding to the length of specimen with the vertical line 
from 30, and then reading the corresponding results on the same 
horizontal line to the left. 
Fig. 245 is a diagram used in a similar manner, in which the 
length of specimen in inches in codrdinated with the percentage 


of extension at maximum load. | 


DISCUSSION. 


. 


Mr. Gustavus C. Henning.—In comment upon the occasional 
inaccurate use of the word “ ductility,” referred to by the author 
in his note, I would call attention to the fact that ductility is a 
_ physical quality, and elongation is an effect produced by extrane- 
ous forces. No matter what the length of the test-piece may be, 


the ductility is exactly the same, although the elongation varies 
in proportion to the shape and length of the piece. This fact of 
percentage of elongation being the same, and uniform for all 
lengths of test-pieces at the maximum load ‘the test-piece can 
carry, is a very valuable one, and has been observed frequently 
heretofore, especially by Mr. J. H. Wicksteed, of Leeds, who has 
recommended to'adopt the proportionate elongation of the test- 


i _ piece up to the.maximum load, for the reason that no matter 


what size of test-piece is used, you will always get the same result. 
I think, if the testing-machine is calibrated, and the material is the 
same, that the results obtained will be exactly identical for all 
lengths of test-piece when elongation is measured at the instant 
of maximum load. Of course, it gives a chance to the operator to 
yun his machine a little bit further than the maximum load, and 
then measure elongation, because it is not such an easy matter to 
say at what particular point the maximum load is reached. But 
a conscientious observer can make no mistake about it. Of course 
we know that the increased percentage of elongation due to 
_ shorter test-pieces is on account of the great amount of elonga- 
tion which occurs within from 1 to 2 inches of the point of 
fracture, according to the size of the test-piece. In other words, 
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with a test-piece which is } of an inch in diameter, the principal — 
elongation occurs within the inch and a half about the point of 
fracture ; that is, } of an inch each side from the point of final 
parting. Outside that inch and a half the elongation is practi- 
cally constant, just the same as it was at the instant of rupture. 
From the instant of maximum load on, no further elongation 
occurs in the rest of the test-piece, but is entirely localized around 
the point of fracture in the test-piece, producing stricture and 
large reduction of cross section. Barba’s experiments showed the 
same thing, although he did not show that measurements of 
elongation at maximum load gave uniform results for all lengths 
of test-piece. It is, of course, only one more fact which goes to 
show what was.laid before the Society by the Committee on 
Standard Methods of Testing, in the report which is here mentioned, 
and which is a translation of Professor Belelubsky’s investigation 
of the whole subject, where he devises a method and formula by 
which, with any length of test-piece, you can, by plotting or 

calculation, determine the elongation of any other length of test- 
piece of the same material, if it had been used. He shows how 
you can eliminate from any report that amount of elongation 
which is due solely to the constriction about the point of fracture. 
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DCXLIX.* 
TESTS MADE ON THE EXPERIMENTAL ENGINE OF 
SIBLEY COLLEGE, CORNELL UNIVERSITY. 


SIMPLE, COMPOUND, AND TRIPLE EXPANSION, WITH VARYING 
RATES OF EXPANSION, AND JACKETED AND UNJACKETED. 
EFFECT OF SPEED AND STEAM PRESSURE ON CYLINDER CON- 
DENSATION. EFFECT OF VARYING RATIOS OF COMPRESSION. 

BY R. C. CARPENTER, ITHACA, N. Y. 


(Member of the Society.) 


THE tests which will be described in this article were made 
in every case under the general supervision of the writer and 
the immediate supervision of Mr. O. G. Heilman,t+ instructor, 
and for graduating theses by various post-graduate students. 


THE ENGINE. 


The engine used in these tests was the Sibley College Experi- 
mental Engine, designed by Edwin Reynolds, under the general 
direction of Dr. Thurston. As a whole, it may be described as 
a horizontal triple-expansion Corliss engine, coupled to three 
cranks 120 degrees apart. The cylinders are 9,16, and 24 inches 


in diameter, with a common stroke of 36 inches. The shaft is 


in three sections, connected by flange couplings; each section 
carries a fly-wheel, brake-wheel, and brake. The steam and 
exhaust piping are arranged in such a manner that any cylinder 
can be given steam direct from the mains, and the exhaust from 
any cylinder can be discharged into either or both of the receiv- 
ers, and from thence to either of the remaining cylinders or into 
the atmosphere or condenser. The receivers are placed between 
the high and intermediate, and the intermediate and low 
pressure cylinders. All cylinders and both receivers are pro- 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+ Mr. O. G. Heilman, M.E., graduate of Sibley College in 1891, junior mem- 
_ ber of the Society, was mortally wounded by the explosion of a small cannon, 
July 4, 1894, at Williamsport, Pa, See obituary notice in Volume XVI. of the 
Transactions, 
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916 TESTS ON SIBLEY 


vided with steam jackets, and the cylinder jackets are piped 
in such a way that those on either heads or barrels may be 
used, as preferred, or both at once, thus making possible any 
use of the jackets. The steam condensed in any jacket may be 
measured separately. The condenser is a Wheeler surface con- 
denser, and receives its circulating water direct from the Univer- 
sity water mains. A Dean air-pump clears the condenser, and — 
discharges directly into weighing tanks, making the steam con- 
sumpticneasily obtainable. The load for the engine is furnished 
by a type of Prony brake * (see Fig. 247), which, in addition tothe __ 
usual method of changing the friction of the brake, is provided 
with an encircling copper tube through which the circulating 
discharge from the condenser is pumped; by the manipulation 
of the induction and discharge valves on the tubes the pressure 
inside, and also the friction of the brake, can be very nicely regu- 
lated. The water-tube feature of the brake serves also to keep 
the brake-wheel comparatively cool. 
The following table gives the dimensions of the principal | 

parts of each engine, the clearance being obtained by actual 


INTERME- 
DIATE 
PRESSURE 


Hien 
PRESSURE 


Diameter of cylinder, in inches.......... 
Length of stroke, in inches........ 


Clearance, cubic feet. i 


Piston displacement, per stroke, cubic feet. { 


ee 


weight, in pounds 
Brake wheels, diameter, in feet,.......0.- 
face, in inches ...... 
weight, in pounds 
Crank-pin, diameter, in inches........... 
length, in inches. ................. 
Connecting-rods, length, in feet 


“cc 


* This brake was fully described in paper No. 559 of the Zransactions of the 
American Society of Mechanical Engineers, vol. xv., p. 62. ; 


ye 
GENERAL DIMENSIONS OF ENGINES. Po 
| 
Low 
| | 
9 16 36 
36 36 36 
0/108 | 0/876 | 0.895 
0.002 | 0.867] 0.812 
Head...) 1.8291 | 4.1887) 9.4247 
Crank. .| 1.2379 | 4.1204) 9.33873 
{ Head.............../63.62 (201.06 (452.39 
_ piston, in square inches. 1448.19 = 
Fly wheels, diameter, in feet. 10 10 
=== face, in inches... 17 17 
6934 | 6988 | 6985 
a 
34 34 34 
34 
§ 9 9 = 


INTERME- 
GH Low 
PRESSURE 
Main bearings, diameter, in inches................. 7 7 7 
length, in inches ............. {18 13 13 
Length of pulley-block bearing, in inches........... 103 104 
Steam-port dimensions, in inches................... &x 12/1 x 20/13 x 28 
Exhaust-port dimensions, EO 14 x 12] 12 x 20) 24 x 28 
Diameter of steam-valve seats, in inches............ 34 5 64 
es ‘* exhaust-valve seats, in inches.......... 34 5 64 
Thickness of steam space in jacket, in inches........ 3 y 
Diameter of piston rod, in inches................ .. 24; 275 24 
= ‘* steam inlet, in inches.................. 3 6 6 
4 ‘* exhaust outlet, in inches............... 5 5 8 
** crank-pin, in inches 34 34 34 


All the moving parts were weighed before they were put in 
place. The weights are as follows: 


** crank shaft and eccentrics........... 
_ Weight of high-pressure piston-rod and cross-head....... 8783“ 
‘* intermediate-pressure piston-rod and cross-head 503 ‘ 
** low-pressure piston-rod and cross-head........ 
 intermediate-pressure connecting-rod......... 341“ 


Time of vibration of connecting-rods, suspended on knife 


Hieu. Low. 
Min. Sec. Min. Sec. | Min. Sec. 
Suspended by crank end............... 4 443 4 5% 4 45 
4 45 4 411 4 444 
RECEIVER DIMENSIONS. 
First, ok Hien. SEcoND, or Low. 
coc. fest inches, 11 feet 7 inches. 
14 inches. 20 inches. 
Number of heating tubes............... 15 19 
Diameter of tubes........ OE I 14 inch. 2} inches. 
Receiver volume..........cecececcecess 8.2 cubic feet. 15.8 cubic feet. 
62.34 square feet.| 119.8 square feet. 
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The boiler for supplying steam is of the water-tube type, 
built by the Babcock & Wilcox Company, and is of 250 horse- 


DIAGRAM OF REDUCING MOTION. 


Fie. 248. 


is designed for a maximum working pressure of 125 pounds, 
which, at present, is the highest pressure available. 


Fie. 249. 


eet The reducing motion for the engine was designed principally 
by Mr. Heilman. Itis shown in'the accompanying diagram (Fig. 
248) and picture (Fig. 249). It consists of a cam, AB, pivoted 


Bee? Pe ie power capacity. It was installed about seven years ago, and 4 
E 
4 
1 
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to the frame, and made in such a form that when in contact 
with a roller, 2, projecting from the cross-head, it will give a 
perfectly correct motion to a bar, CD, extending along the cyl- 
inder to which the indicators are attached. The motion has 
proved a very satisfactory one, and will be clearly understood 
from the sketch. During a test the indicators are left attached 
to the bar, CD, at a, and the drum motion is stopped or started 
by simply putting the lever in or out of contact with the pin 
in the cross-head. When diagrams are not wanted, the lever, 4B, 
is held out of contact with the roller, 2, by a hook, EB, which 
supports the lever. This is released automatically by turning 
the cam, C, so that the trigger, 6, engages with the roller, R; 
a device due to Mr. A. H. Eldridge. 

The diagrams on all the cylinders and for all the tests were 
taken simultaneously by aid of an electric magnet, operated by 
a battery which acts so as to draw the pencil into contact with 
each indicator drum when diagrams are required. The arrange- 
ment adopted was designed by George B. Witherbee (Cornell, 
1892) and O. G. Heilman, as the result of considerable experi- 
ment. The device, as connected to a Thompson Indicator, is 
shown in the accompanying figure (Fig. 250). 

The jacket water in all the tests was caught in closed tanks, 
under pressure ; these were provided with gauge glasses, and 
the weight was determined by computation from the volume 


and temperature while under pressure. The tanks are carefully — 


calibrated and graduated, so that the contents could be read in 


cubic feet. The water from each jacket runs freely to either of _ a 


two tanks, which are so arranged that one can be filled while 


the other is emptying. This system has proved very satis- of < 


factory. 
METHOD OF TESTING. 

In all the tests to be described, the same general method of 
operation was followed. This, in general, consisted in operat- 
ing the engine for at least two hours under the load to be car- 
ried during.the test, and until all the conditions were perfectly 
uniform, before beginning the test. The actual length of test 


was in each case rarely less than three hours, and in some cases 


was eight or nine hours, and often the test was repeated. It was 
found that about two hours were required, especially when the 


engine was being operated as a triple-expansion, to secure per- i f ; 
fectly uniform conditions, some of the short tests showing phe- | 
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nomenally high economy due to the retention of a portion of 
the steam in receivers and condensers. The system of piping 
leading to the engine is so arranged that, by opening or closing 
valves, steam can be supplied to any cylinder at pleasure, and 
connections are also made, of similar nature, to the condenser. 


It was found, however, that many of these valves were likely to 


leak, and all were somewhat under suspicion, so the rule was 
adopted of actually disconnecting all unnecessary piping for 
each test, thus precluding any possibility of error due to leaky 
valves. 

The tests recorded are, first, those made by H. K. Spencer ; 
and, second, those made by L. 8S. Marks and S. H. Barraclough. 

These tests were, in every case, of considerable length, and 
made with unusual care. In general, we have not found it pos- 
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sible to secure reliable results in tests made by undergraduate 
students, and consequently none of that kind are recorded in our 


permanent records. 


+4 


TESTS MADE BY HENRY K. SPENCER, M.E., CANDIDATE FOR THE sib 


The general object of the series of tests made by Mr. Spencer 
was to obtain the economy of the engine for different ratios of 


| 


Weight of Steam perLH.P.perHour = 


Weight of Steam per Hour 


530 
Fia. 251. 
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expansion when working under different conditions, as a simple, 
compound, or triple-expansion engine. The time at command 
permitted the finishing of these tests simply for constant and 
uniform steam pressures. In this series there were made seven- 
teen tests with the simple engine, the same number with the 
compound engine, and eighteen tests with the triple-expansion 
engine. 

The tests made on the simple engine were with steam press- 
ures as nearly as possible 110 pounds, by gauge at the boiler, 


Ht Ht 
Weight of Steam per I.H,P. per Hour + : 

Coordinated with Number of Expansions § 


40 
yee 
eo & 
B 10 
Number of Expansions 


Fig. 252. 


and 223 inches of vacuum in the condenser, it not being possible 
to secure a better vacuum without the use of more condensing 
water than could well be spared. The engine was tested sim- 
ply under two conditions ; first, without steam in the jackets, 
and second, with the jackets filled with steam at boiler pressure. 
The first series of tests were made with different ratios of expan- 
sion, and are denoted in the log as A,, A,,etc. The second series 
of tests are similarly denoted as B,, B,, etc. The full particu- 
lars and results of the test are given in the accompanying pages. 
The accompanying diagrams, Figs. 251, 252, and 253, show the 
general results of the test. For the simple engine there is con- 
siderable saving due to the use of the steam-jacket, except under 


i 
H 
H 
R 18 14 
| 


one condition. The diagram showing the total water consump- ape 


tion coordinated with horse-power is interesting, since it shows 
the form of curve derived by Willans, as characteristic ofan auto- 


matic engine. This is of interest when compared with the re- ea 
sults obtained in operating the same engine with a throttling _ 


governor (see tests, Marks and Barraclough), described later in - “F 
this article, in which case the line of total water consumption Batts 


on the diagram becomes perfectly straight. The following ie. 


tables give the average results of the various tests on the simple ‘i 


engine. ; 


The results of the test are all based on the indicated horse- .: 


en 


SUMMARY OF RESULTS. pied 


UNJACKETED. JACKETED. 


Weight of Sn per Weight of 
No. of Ex- No. of Ex- 

Steam per |I. H. P. per|; I. H. P. Steam per |1 
pansions. | “Hour. pansions. | “Hour. 


4544 8.98 
6724 19.85 
7834 30.26 
9934 40.19 
122.9 *46 .37 
142.5 3. 50.24 
154.5 , 62.39 
187.3 71.88 


309.6 
518.25 
719.5 
594.25 
1064.66 
1152.50 
1574.25 
1823.75 


CO OT GO 09 


* Duration of test, 9 hours. 
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recorded. 

TEST OF SIMPLE CORLISS ENGINE, CONDENSING, 
am per 
four. 
—— 
| 
a 9.53 | 14.18 5 . 95 
a 19.05 | 11.97 6.16 
30.84 | 8.61 3.77 
89.88 5.79 3. 74 
52.41 | 3.88 2.96 

*59 .62 8.47 2.94 
62.49 | 2.97 5.26 
73.07 2.28 5. 37 
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UNJACKETED. 
| 
| | 
| 
| 
| 
March 15.... As 1| 278.3 0 
4| 278.61 | 
Ay 8| 277.4 
sis 
1759 | 64 36.56| 78.21| 35. 
Bg......--| 1092 | 60 25. 24. 
4 8944 | 60 ) 19. 
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* These quantities should no doubt be reckoned from temperature of feed-water, in which 
case they would be about 100° less, but for convenience they are taken in this test from 32° Fahr. 
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~ COMPOUND ENGINE TESTS. 


Tests on the compound engine were made in a similar man- 
ner, under two sets of conditions: the first being without the 
use of jackets ; the second, with the high-pressure cylinder and 
first receiver jackets in use.* The first series of tests with 
jackets empty are denoted by C,, C., etc. The second series of 
tests, in which the jackets on the high-pressure cylinder and 
on the first receiver were in use, are denoted by D,, D,, ete.t+ 
Regarding the general economy of the compound engine it will 
be noticed that except for very low loads the unjacketed engine 
gave, in the tests made by Mr. Spencer, rather better results 
than those with the jacket. In the tests by Mr. Spencer the 
steam pressure was maintained as nearly as possible at 110 
pounds, by gauge, at the boilers, the vacuum at the condenser 
at 22 inches. In the later tests, series G and H, the steam press- 
ure was about 10 pounds lower, but the general results remain 
the same. The difference, in any case, in the economy tte: 8 
compound engine, whether jacketed or unjacketed, is very slight. — 
In this series of tests the engine was not operated with low- 
pressure jackets in use, but from some preliminary trialsit would 
seem that equally good or better results will be obtained wien ~—_ 
high-pressure steam is used in that steam jacket (see tests G, 
G,, etc.). The best results in any tests yet made seem tohave 
been obtained with the use of the jackets, butin nocase hasthis  —__ 
difference amounted to 5 per cent. (see test G,). Slight changes 
in steam pressure or in the vacuum seem to make more differ- __ 
ence upon results than changes in the condition with respect to 
jacketing. 


* It should be remembered that in engines of this class the steam-chestis a = 
somewhat effective form of jacket, and cannot be dispensed with inany method 
of trial. : 

+ A few tests are included in this report, made with the steam-jackets all in 
use, under the immediate supervision of Mr. A. H. Eldridge, member of the — 
Society. These latter tests are marked G,, Gs, etc., and do not cover as wide a — : For 
range of expansion as those made by Mr. Spencer. 
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‘SUMMARY OF TESTS. 


UNJACKETED. Hieu PREssuRE AND RECEIVER JACKETED. 


No. of Total Yo. Total Steam 
Expan- I. H, P. Steam per 
sions. 4 ions. Hour. 


46.40 . 46. 412.5 
39.62 447.4 
26.53 ‘ 498 .4 
16.24 ‘ 712.3 
12.23 1069 5 
10.15 . 1221.2 

7.79 1418.1 
1843.1 


PST OF COMPOUND CONDENSING ENGINE. 


Loe or TEST. UNJACKETED. 
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Rev. GavueE READINGS. TEMPERATURES. 


ection 
our. 


Pounds. Inches Hg. 


7.0 


| steam Pipe.|! 


| Barometer. 
Cubic Feet Ih 
Water per 


Speed Indicator. 
Condenser. 
Engine-Room. 
| Injection Water. 
| Discharge Water. 

| Condensed Steam 
in lbs. Jacket Wa- 
ter not Included. 


Receiver. 


& Condensed Steam. 


SS | Boiler. 


Crs 


April 1 1-18. 


“ 
“ “ 
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SHEASLR | External Air. 


| 220 


im 20 ~2~2 
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|_| 
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| mrs, 
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Feb. 16. | C; 
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281.7) 336 
282.6) 287 
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= 
2 
| 
| Head. | Crank. | g | Head. | Cramk. | 3 ae 
|89.79|19.69| 40.98|18.95|38.65) 6. 9.29] 19.08|57.73 11.58 
C, |19.81| 3, 6.28) 12.41 |35.65 20.4 
{14.62} 7.89]19.87) 9.87]16.59] 2. 3.95| 7.97|24.56 19.10 
Cy | 3.25| 1.66] 4.16] 1.98] 3.64) 2. 1| 8.81) 7.79|11.48 6.22 
C; 8. 12.92|25.93|66.47 6.08) 
| | | 
D, 14.92|28.02|14.91|22.69| 45.54 192.9 7.66 
Da 21 .98|48.07|22.24| 44.22) 10.77|16.83|10.73| 16.38) 33.21 192.0 
Ds 20.11 17.60]36.04| 6.61|10.56| 6.59|10.14|20.53 17.19 
D, 12.09|22.91|10.78|22.88| 4.04] 6.48 8.87] 6.04/12.64 3182.5 |20.02|82.04 * 
7.05|15.04) 7.13]14.18| 2.85] 4.58) 2.88] 4.46) 9.04) 
6.26|18.94| 6.62|12.88] 2.32| 3.73] 2.15| 3.39) 7.13 278.9 |22.36|43.06 
5.20|12.06| 5.73|10.93| 1.75| 2,81| 1.56] 2.46| 5.29) 261.7 |26.01|46.40 
20.61 |42.52|20.83|41.41| 8.61|13.48| 8.32/12.74|26.22| 790.0 |18.08|15.45 
| | | | 
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OMPOUND CONDENSING ENGINE.—WEIGHTS OF JACKET STEAM, | 
PRESSURE AND First RECEIVER JACKETED. 


JACKET STEAM, PER CENT. 
Total Steam or ToTAL. 


per Hour, 
Including 
First - Jacket Steam| 44; gh First 

Receiver. Lbs. Pressure. Receiver. 


JACKET STEAM PER Hour. 


208.65 
203.55 
153.75 
137.29 
130.36 
131.33 
125.47 412.5 
190.97 1221.2 


CYLINDERS NOT JACKETED. } 


Measurements from Diagrams. 


PER CENT. 

or STEAM, 
By 
GRAM. 


INITIAL 
CoNDENSA- 
TION. 


ABSOLUTE 
PRESSURE. 


B. T. U.* above 32° 
per I. H. P. per minute. 


id 
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High Pressure. 
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on 


Pressure. 


Total Weight of Steam 


Cut-off, High 
Terminal, Low 
Beginning 
Expansion. 
End Expan- 
sion. 
Beginning 
Expansion. 
End Expan- 
sion. 
Weight 


| No, of Expansions. 
Revo 


Back Pressure, 
Low: 

Percentage of 

Consumption. 
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* This quantity is computed for convenience above 82° Fahr. The feed-water temperature 
could not be exactly obtained, and it was considered best to make no arbitrary allowance for it. 
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- 


| 
EST. High 
67.57 | 186.08 11.1 ; 

q D......| 62.28 | 141.87 
74.58 
70.88 | 54.75 

STEAM PER 
i, P., 
D1a- 
GRAM. 
4d x 
343 
8.79 
7.48 702 
11,92 325 
Di... 04 
112. 
Ds... | 117.8 

D,.-.| 118.1 394 
Dg... | 112.4! 4220 

Dg... | 107.4! 440 

D;...| 100.5) 482 

Dy... | 120.6 354 


TRIPLE-EXPANSION ENGINE. 


Tests on the triple-expansion engine are denoted by E,, E,, 


etc.. and by F,, F., etc. In this case tests were made with the 


engine unjacketed entirely, and also with the steam in all the 
jackets excepting that of the low-pressure cylinder. A few 
tests were made with the low-pressure engine jacketed, of which 
the results of only one test are given here, but for this condition 
sufficient data has not been obtained to determine whether or 
not there will be a saving due to its use. 

The results of these various tests are shown in the accom- 
panying tables and diagrams. 


ss SUMMARY OF TESTS. 


UNJACKETED. JACKETED. 
3 
No. of Total Steam e No. of Total Steam E 
I.H.P.| Expan- |Steam per er I. H.P.| Expan- |Steam per 
sions. Hour. L. P. sions. Hour. I. 
22.74, 92.08 | 625.7 | 27.52] || 26.21) 96.74) 681.7 24.10 | F, 
35:54) 62.08 | 853.7 24.08 | || 38.98) 88.05 | 714.2 | 21.05 | Fs 
46.06} 53.388 | 917.7] 19.92 | Es || 45.56) 69.04 | 806.5 17.70 | F; 
66.10} 36.56 | 1191.5 18.08 | Ey, || 68.82) 48.53 | 1065.4 16.82 4 
88.57) 28.27 | 1856.7 15.32 | Es || 89.79} 29.48 | 1387 14.89 3 
107.73} 17.44 | 1673.7 15.44 | Ee |/112.65) 21.93 | 1540.6 | 13.68 | F. 
119.29} 17.00 | 1805.4 15.14 | Ey, |/126.54) 19.06 | 1791.9 14.16 | 
140.21} 138.30 | 2213.2 15.78 | E, ||141.40) 15.82 | 2173.9 15.37 | F, 


The best results from the series of tests obtained by Mr. Spen- 
cer was 13.68 pounds for the triple-expansion engine, with high 
pressure and intermediate pressure and both receivers jacketed, 
with 119 pounds pressure at the boiler and 243 inches of vac- 
uum. With a little higher pressure, 125 pounds by gauge, and 
practically the same vacuum under about the same conditions, 
the engine has given the steam consumption of 13.3 pounds per 
I.H.P. per hour. It seems, however, quite probable that this 
latter number will be sensibly reduced by cther combinations of 
jacketing. 
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B6|107.73| 91. 7.44) 120.6) 4.4 
B6| 88.57| 71.88] 16 119.5] 4.4 2 
B6| 66.10] 51.70| 14 18.02] 9.80] 18.02] 120.8] 3. 4 
R6| 46.06] 30.78] 15 2] 19.92] 9.17| 19.92] 120.2] 2. 0 
B6| 35.54| 19.93] 15 24.08] 8.92] 24.08] 119.6) 2. 0 
b4| 22.74| 10.26] 12 2} 27.52) 8.11| 27.52) 116.1] 2. 8 
16 15.14] 12.84] 15.14] 124.7) 5. 0 
b6| 15.87| 10.89) 15.37) 12 70.8 
16 13.68] 9.26| 13.68} 121.1] 4. 67.2 
86 55) 9} 14.89} 8.11] 14.89] 121.2) 3. 55.2 
36 5 | 16.82| 6.29] 16.82| 121.7| 2. 46.4 
86 b9| 17.70| 5.81] 17.70) 121.7| 2. 32.8 
86 3 | 21.05] 5.98] 21.05] 123 | 2. 28.8 
81 82| 5| 24.10] 6.92] 24.10] 121 | 2. 28.7 
36 14.16] 10.05] 14.16| 120.5} 5. 70.8 
TOTAL. 
F,......| 63.85 | 188.5|120 | 46.38 | 368.7 
F,......|64.7 | 99.8|123.6/47.3 | 385.4 
F,......|62.3 | 89.3|116.8|58.4 | 826.8 
F,......|65.7 | 82.0] 90.8|59.9 | 298.4 
F,.....-|67.0 | 76.6) 60.1 | 48.3° | 252.0 
F, .....|62.9 | 69.4] 65.4/44.0 | 241.3 
F,....../65.8 | 73.9| 52.8/40.1 | 282.1 
F,. ....|64.4 |117.8 115.7 | 55.4 353.3 | 9 


njacketed 
acketed (Reciever & Hich 


Steam per I.H.P.perHour-Lbs. 


60 70 80 90 100 110 120 190 140 150 
Fie. 256. 


—— Simple Unjacketed 


~——-=Triple Unjacketed 
9? Jacketed 


.H.P, per Hour-Lbs. 
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A series of tests have been made of both the compound and 
triple-expansion engine, with high-pressure steam in all the 
jackets. 

The results of these tests are not, however, included in this 
report. No tests have been made with the low-pressure engine 
jacketed with low-pressure steam, although such a practice has 
proved of great benefit on many engines. 

The following tests were in charge of A. H. Eldridge, M.E., 
and show the performance of the compound engine with all the 
jackets in use. The writer regrets that the tests relating to the 
triple-expansion engine under the same condition cannot be 
given at this time. — 


' ALL JACKETS IN USE. 


| =| $ & 3 | ae $5 
G, | [58.5) 94.5 [14.42 | 11.32/210.96/329 |1109.82/238 18.9 |30432 
|85.8) 51 {80.6 |106.4 |80 (63 | 95.2 |14.501) 11.62/211.31/330 /1113.17|/162.5 | 14.55|36859 
|85.1] 50.4 |115.5 |82.8/53 | 94.5 |......]...... 330.6/1110 204.62) 15.5 |30350 
G, |85.4) 54 /110.3 (57.3) 95.43/14.41 | 11.56/211.07/332 |1014 13.78|28850 
G, |85.7| 53 106.57|81 (54 /103.3 2 | 11.16/210.2 |830 | 973.88/214.3 | 18.0 |35040 
Ki 84.8) 56 (87 [14.1 | 11.4 |210.55|829 |1158.2 |176.4°| 18.2 |8773952 
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G. Both cylinders and intermediate receiver jacketed. _ 
K. High and low pressure cylinder jacketed, receiver not jacketed. 
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JACKET WATER, LBS. |JACKET WATER 
PER Hour. In RECEIVER. 


| 
= 
wa 

ae 


a . 

a 3 3 a 2 le 

$= n $ 

= 3 = = 
G,| 30.43 [76.85 70.82 92.1 1,315,157) 1,241,779) 733,779) 337) 9 
G_| 33.11 |'71.36/65.'74/91.75 |0.66/17.17| 17 .06|18.52/21.64) 1,810,412) 1,091,085) 181,610) 322/10.1 
Gs| 27.8 |70.9 |98 0.8 |17.25)17.15/18.42/24.2 | 1,547,951) 961,627) 198,920) 324/10.38 
Gq} 28.43 |72.42/65.6 |90.35 10.5 1,488,600} 1,024,100) 414,500) 307/12.45 

36 65.88/60.6 |92 0.9 |18.02|17.86/19.4 | 1,896,925) 1,118,270) 278,655) 336/13.6 
1| 32.7 177.88/70.2 |91.5 | 1,571,603) 1,820,743) 250,860) 322/11.98 


G. All cylinders jacketed. 


I. High and low pressure cylinders jacketed, receiver not jacketed. ey in ? LS. 
Lo 


3 
H. P. L. P. H. P. L, H.P. | LP. H. P. 
20.41 85.4 41.15 47.5 91.25 99.25 
G...| 17.09 | 19.87 33.79 87.56 37.5 75 87.5 
@;..| 16.9 | 21.05 34.4 41.85 85.42 87.2 82 
a G,..| 15.57 20.28 31.57 40.73 50 51.5 60.5 ergs 
Vn 18.80 28.00 37.88 23.3 92.1 99 
Hy i. eevee 82.8 
K,..| 15.06 22.47 30.19 | 46.5 78.45 91.95 
; 
2 
4 
~ 
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TESTS MADE ON THESIS WORK FOR DEGREE OF M.M.E., BY L. 8. 
MARKS, B.SC. (LONDON), FELLOW OF SIBLEY COLLEGE, CORNELL 
UNIVERSITY, ASSOCIATE OF MASON COLLEGE, BIRMINGHAM, ENG- 
LAND; AND BY 8S. HENRY BARRACLOUGH, B.S., UNIVERSITY OF 
SYDNEY, N. 8. W. 


The tests conducted by Messrs. Marks and Barraclough were 
for the purpose of determining the variation in cylinder con- 
densation for different ranges of steam pressure, and for vari- 
ous speeds. For this purpose the governor of the engine 
was arranged so as to operate at a fixed cut-off, and the number 
of revolutions was varied by changing the load on the brake. 
A series of twenty-three tests was made, with different ranges 
of speed and steam pressures, the results being given | very fully 
in the mn tables and diagrams. 

TABLE 1. 


ENGINE TRIALS, BY L. S. MARKS AND S. H. BARRACLOUGH. 


Pressure 


nal Air. 
m. 


Temperature of Engine- 
r, Cubic Feet per 


tion Water. 
charge Water. 


mission Pressure and 
densed Steam. 


Speed. 
Revolutions per Minute. 
-above Atmosphere. 
Condenser Vacuum, 
Inches of Hg. 
Temperature of Exter- 
Temperature of Dis- 
Steam, per Hour. 
Steam, per cent. 


Steam Pipe 


Weight of Condensed 
Wate 
Hour 


Temperature of Injec- 
Quality of Entering 
Volume of Injection 


P Intended Absol:te Ad- 
Temperature of Con- 


| 


7} | Gross Brake Load. 
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TABLE II. 


HEAD END OF CYLINDER. 


Release. 


3 


sion Pressure. 
ing Exhaust. 
of Compression. 
Density of Steam at End 
of Compression. 
Point of Cut-off, per 
cent. of Stroke. 


Reference Trial Letter. 
Absolute Mean Admis- 
Density of Steam at 
Cut-off. 
Absolute Pressure at 
Release 
Density of Steam at 
Absolute Pressure dur- 
Absolute Pressure, End 
Real Ratio of Expan- 


Absolute Pressure at 
il Cut-off. 
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SIMPLE CORLISS ENGINE. 
Operated with fixed cut-off. 
Steam used, coordinated 
with work done. 
AM.BANK NOTE CO.N.Y. 


Water per I.H.P. per Hour 


8 


eaten 


20 30 40 50 60 70 80 
Horse Power varied by changing the Revolutions per Minute 


- 
id 
0 10 90 100 


CRANK END OF CYLINDER. 


= 


f Steam at 


Absolute Mean 
Admission Pressure. 
Absolute Pressure at 

Cut-off. 
Density of Steam at 
Cut-off. 
Absolute Pressure at 
Release. 

lease. 

ing Exhaust. 
Absolute Pressure at 
End of Compression. 
End of Compression. 
Point of Cut-off, 

per cent. of Stroke. 

Real Ratio of 

Expansion 


Reference Trial Letter. 


Absolute Pressure Dur- 
Density of Steam at 
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Pal 
q A.......] 115.9] 114, .0222| 75.64 
B.......| 117.4) 115 .0256| 80.18 
C ......| 119.1] 118 .0239| 83.78 
pes, D.......| 121.4] 121 -0251) 83.83 
F*......| 100.2] 99 0244) 66.65 
G.......| 101.5] 101 .0209} 68.96 70 
401-2] 101 0226] 65.92 79 
H......-| 108.1] 102 0202) 69°57 72 
L.......| 108.5) 108 -0202| 71.19 
J 108.2] 1 | .0219| 72.21 81 
Me. 79 
67 
: B 69 
78 
85 
B 69 


a 

150 
=| 

190} 

0120 
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100 
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TABLE IV. 


ri. 
r 
bs. 


Reference Trial 
Letter. 
Revolution. 


Brake H. P 
Mean Ratio of 
Expansion 

Dry Steam 


Total I. H. P. 
Revolution. 


Weight Steam per 


Wet Steam 
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3 | 37 43 44 
| | 
An... (87.95 72.66 .8875| .8827 
181.86 129.02 160.88 .8572 
C........|25.89 [24.88 |50.27 .8758| .8719 
-D......../19.58 [18.88 |87.96 .8945| .8885 
E......../12.87 |12.48 (26.35 .4890| 
120.49 (81.81 161.80 -2950| .2898 
/80.19 188.25 168.44 .3147| 8106 
126.76, 124.69 [51.45 .8274| 
124.78 [51.67 .8192| .3158 
192.08 [20.61 [42.69 .8302| .8289 
{15-10 [81.80 .8567| 
125.99 128.24 148.58 2524) .2474 
31.7| 9 .2891| .2884 
117.28 116.28 [88.46 32.4 77| .2821| .2781 
23.6) 9 62| .3153] .30938 
8-899) 8.218]17. 119 15.9) 9 65| .8555| 
129-08 189.18 82.9} 9 66| .2114 .2065 
[12.01 |24.92 22.7] 9 79] .2296| 
| 120.0 19.0) 9 65| .2630| .2595 
T 6.91 | 6 21 {18.12 12.4) 9 65 .2890 
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Experiments on 
9"x 36"Cortiss ENGINE 
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TABLE V. 


En- 


Head End. 
at Cut-off. 
Crank End. 
at Cut-off, per 
Revolution. 
to Cut-off. 
of Steam at 
eglectin 
ater]. 
to Cut-off. 
at Release. 
Head End. 
at Release. 
Crank’ End. 


iN 
trained 
elease [Neglecting 


per Revolution, up 
Heat Units Given to 
Walls per Revolution, up 
during Expansion. 
Guay of Steam at 
Entrained Water.] 


ualit 


Lbs. of Steam Present 
at Cut-off 
Q 
Cut-off 


Lbs. of Steam Present 
Lbs. of Steam Present 
Lbs. of Steam Condensed 
Lbs. of Steam Present 
Lbs. of Steam Present 
Lbs. of Steam Reévap- 
orated per Revolution 
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a 
a 
4 
4 
CY 4 
| 
45 465 47 54 
0251/ 83.0 
0298) 82.7 
0806| 82.7 
0411} 80.4 
F.. .1118| .1015 | .2128| .0765| 73.5 | 67.6 | 1249] .1183| .0254| 82.4 
F*, .1222 | .1125 | .2847| .0759| 75.5 | 67.07] .1828| .1224| .0205] 82.1 
G.......| .1284] | .2865| .0852| 73.5 | 75.8 | .1402| .1286| .0273] 81.9 
G* ......] .1200| 1092] 2292] .0861| 72.7 | 75.09] .1308] .1202| .0218| 79.7 
ae H........| .1211] .1129 | .2840| .0899| 72.2 | 79.4 | .1386| .1279| .0825| 82.3 
I........| .1282| .1142] .2874| .1118| 67.9 | 98.7 | .1411 | .1818| .0355| 78.2 
1228] 1104] .2382 | .1892] 62.5 [122.7 | .1475 | .1853 | .0496| 76.0 a 
0948 | .0848] .1786 | .0688 | 72.2 | 61.6 | .1081 | .0960 | .0255] 82.6 
| 0966 | .0864| .1830] .0787| 69.9 | 70.5 | 1118] .0993} .0281| 80.6 
M........| .1051| .0967| .2018| .0816| 71.1 | 73.1 | .0985| .1091| .0008| 69.6 
| 0988] .0890 | | .0958| 65.5 | 85.6 | .1095| .1081| 76.5 
N... ...| 1051] .0957| .1988| .1105| 64.3 | 98.7 | .1286| .1180| 0428] 78.2 
| 1088] | .1969 | 56.4 1186.0 | .1859| .1198| 0593) 73.2 
0954] 0677] .1481 | .0684| 69.4 | 57.6 | 0871] .0772| .0212| 79.8 
| | .1424| .0692 | 67.3 | 62.8 | .0863| .0775 | .0214| 77.3 
R.......| .0748| .0654| .1402| .0843| 62.4 | 76.5 | .0881| .0791| .0270| 74.4 
| 0799] 0718] 1512] 1083} 58.2 | 97.9 | .0990| .0875| .0853) 72.0 
| 0798 | .0702 | .1500 | .1890 | 51.9 |125.9 | .1058| .0988] .0491| 68.9 
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TABLE VI. 


rature. 
aust, 


Exh 


ge of Temperature, 
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REFERENCE TRIAL 
LETTER. 


Mean Admission 
Temperature 
Release Temperature. 
Exhaust Temperature. 
Temperature at End of 
Compression. 
of Tem 
ission to 
Range of Temperature, 
Compression to Ad- 
mission 


Ran; 

Admie 
Ran 
Admission to 


OOo 


S28 


S58 


2 


Onn 
DF MNS NW BW AIO 


age 


| 
3 
| 61 | 6 
| 
154.1] ...../ 620 
154.2] .49| 591 
141.2).....| 688 
158.8|.....} 614 
145.7) .5 | 683 
158.2).....] 588 
168.3) .....) 655 
188.0|.....1 100 
148.0) .....) 112 
112.2) .....} 104 
116.8|.....) 1120 
109.9|.....] 124 


Pressure =100 
Pressure =80 
Pressure =60 


Points ou Curve Pressure~120 
” 
Plotted on logarithmic scales, 


ne Tests. 
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Horse Power varied by changing the Revs. per Minute, 


Fie. 270. 


SIMPLE Coatiss ENGINE. 
Operated with fixed Cut-off. 
20 30 40 50 60 vii) 


Steam used, Coordinated with 


work done 
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EXPRESSION FOR CYLINDER CONDENSATION. 


Messrs. Marks and Barraclough made a comparison of the 
results of their experiments, with all the experiments to be 
found on the subject, from which they concluded that the cylin- 
der condensation could be expressed in every case by an equa- 
tion of the form HN* = a constant. Here x is dependent upon 
the initial pressure, and is very nearly x = 27/p + 3, where p is 
the initial pressure. In the above equation His equal to the 
number of heat units given to the walls per revolution, and C is 
a constant, hence H= C/N’*. 

The accompanying diagrams (Figs. 263-269) show the relation 
of the various quantities entering into the equation to each other 
and to the work performed. Mr. Marks did not see, as a result — 
of the investigations, that range of temperature was a function | 
of cylinder condensation. Mr. Barraclough, on the contrary, 
thought the condensation to be a function of the range of 
temperature, and to be represented by an equation in which 
A= K (T— 1?) + b,in which A is the amount of steam condensed 
per minute, 7’—¢ the temperature range, K and B constants. 
The results are shown graphically in Fig. 266. 

Figs. 260, 262, and 263 show the variation in steam consump- 
tion for change of speed, from which it is seen that the steam 
consumption per I. H. P. per hour diminishes with increase in 
speed, the rate of diminution being at first very great, but 
gradually decreasing, giving a curved line. The total steam 
consumption coordinated with horse-power for fixed cut-off and 
constant steam pressure, but for variable speed (see Figs. 258, 
262, and 269) is in each case a straight line, the equations of 
which were as follows for the different cases : 

Let y =the total steam per hour, « = corresponding horse- 
power, we have the following equations : 


ae For 80 pounds steam pressure, y = 24. 2x + 130. i 3 
SS oe For 100 pounds steam pressure, y = 22.2 x + 146. 
‘So. For 120 pounds steam pressure, y = 21.75 x« + 135. 


From the above equations of steam consumption y/z for each 
case can be computed. 2 
_ The diagram for total water consumption, in thé case of varia- _ 
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a 


tion in initial pressure for constant speed, is also a straight line 
(see Fig. 261). 

Tests are now in process of completion, of the engine when 
operated under conditions of jacketing different from those given, 
and for higher and lower steam pressures. The general line of 
work, however, which is in process of completion this year is, 


Case I.—Least Compression. (See page 958.) 
271. 


first, the paeisiidibld! of the effect of change i in steam press- 
ure; and, second, the effect of very greatly increasing the clear- 
ance. 
The results of tests made under other conditions will be 


reported at a later meeting of the Society. 


EFFECT OF COMPRESSION. 


In addition to those above described, various other investiga- 
tions have been made from time to time for special purposes. 
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One interesting series of experiments was made to determine © 
the effect of increasing the amount of compression, other con- 
ditions remaining unchanged. This series is not exhausted, and 
many cases remain to be tried; but, as will be seen from the 
trials made, there seems little doubt but that we are justified 
in concluding, for this engine at least, that an increase in the 


WHS 


lz 


ie cle 


Case II.—Medium (See page 958.) 
amount of compression reduces the emount of work of the 


engine equally as much, or more, than is compensated for by 
the gain in reduction of cylinder condensation. The first test, 
in charge of Professor J. H. Barr, has been reported to the 
Society,* and a brief abstract only is given here. The engine 


* ««Governing by Compression,” by Professor John H, Barr, Volume XVI, of 2 
the Transactions. 
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if 


was run in its normal condition, with very little compression 
(Cases A and C), for two different loads, and then the governor 
was blocked, so tha’ the cut-off occurred at a late point and the 
regulation was performed by compression, tests being made 
with constant brake loads. In this case. there was no great 
difference in the results, although the cylinder condensation was 


2 

Case III.—Greatest Compression. (See page 958.) 
Fia. 278. 


materially reduced when the compression was high, as compared 
with that when the compression was small. This is shown by 
the position of the saturation curve on the diagram of Figs. 274 | 
and 275. 

In the other tests for this purpose the cut-off was maintained — 
as nearly as possible constant, and the engine was operated 
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PRESSURE PER 8Q.1NCH 


QUALITY DURIN 
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CLEARANCE 


CLEARANCE LINE 
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_ Trst oF SIMPLE CORLISS ENGINE, WITH VARYING RATIOS OF COMPRESSION, AND 
WITH NEARLY CONSTANT RATIOS OF EXPANSIONS. CYLINDER, 9 BY 36. 


Indicator spring, pounds per inch 
Revolutions 


Calorimeter 
Discharge water 

Condensed steam 

Engine-room 

External air 


Condenser, inches Hg., pounds 
Condenser, inches, pounds 
Boiling temperature, atmospheric pressure, F°. 


Weights. 


Total steam per hour, pounds.............. °- 
Total condensing water per hour, pounds 


Diagram Dimensions. 


Cut-off, per cent., stroke 
_ Release, per cent., stroke 
Compression, per cent., stroke 
Absolute pressure at point cut-off, pounds..... 
Absolute pressure at release, pounds 
Absolute pressure, end of compression, pounds. 
_ Absolute pressure, return stroke 


I. H. head 

I. H. P., crank 

? 

Mechanical efficiency 


Water Consumption. 


Moisture in steam, per cent 

Per I. H. P., per hour, actual 

Per I. H. P., per hour, corrected cal 

Per D. H. P., per hour, corrected cal, ........ 
Per I. H. P., at, point cut-off, per diagram..... 
Per I. H. P., at point release 
Thermo-dynamical efficiency 

Per cent. of steam accounted for at cut-off .... 
Per cent, of steam accounted for at release. ... 


DO 
BD CO CO 


Drake 1Oad, POUNAS..... 290 275 295 
87.5 87.8 86.8 
86.4 83.1 20.1 
83.5 81.3 79 
81.2 81 84.5 
Boiler gauge, pounds.......... 71.6 70 67.6 
Barometer, 29.1 inches, pounds 14.26 14.26 14.26 
5.8 6.1 5.2 
2.86 3 2.52 
10.6 210.7 210.7 
19886 19828 meu 
2 21.6 
9 98.5 98.9 
2 5.5 25.3 
2 58 
15.9 15.5 14.17 
30.0 29.0 26.0 
| 98.7 92.7 
0.76 
31.27 
31.08 
33.09 
18.8 
60.0 


‘clearances. 
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with a varying amount of compression. This could be regulated 
by adjustment of the exhaust wrist plates. The above tests 
were all made with the simple engine, unjacketed, working be- 
tween constant temperature limits. The summary of results of 


these tests is given on page 957, and sample diagrams are shown 
in Figs. 271, 272, and 273. 


NUMBER OF Run. A B Cc D 
220 220 832 332 
Length of run, hours..............seeeee. 3 3 3 3 
Condensed steam, per hour, pounds.... ... 575.6 | 604 780.83 | 890.33 
18.15 | 13.98 | 24.79 | 25.79 
Steam per I. H. P. per hour, pounds... 43.77 | 48.20 | 81.45 | 35.2 
Cut-off, per cent. of stroke ................ 1.5 17.5 4.5 26.3 
Cut-off, pressure above atmosphere 106 108 109 108 
Compression pressure, above atmosphere...| 20 118 19 120 


The results of this test have been discussed in a paper on 
the subject of governing by compression, by Professor John H. 
Barr, read at the New York meeting, November, 1894. 

Figs. 274 and 275, from a previous paper* by the author, 
give the form of sample diagrams, corresponding to Tests A 
and Tests B. 


DISCUSSION. 


Mr. William Kent.—I hope Professor Carpenter will not be 
satisfied with a boiler with only 120 pounds pressure. I hope he 
will use 170 pounds pressure. It is not of so much importance to 
know what a triple-expansion engine will do at 120 pounds press- 
ure when the commercial pressures are 160 pounds. Again, I 
would like the author to explain, if he can, why the very best test 
made of all the series of this engine gives an economy so much 
lower than has been achieved by triple-expansion engines else- 
where. 

Professor Carpenter—Our engine is a small engine with large 
We cannot get the same economy which is obtained 
with large engines, yet I believe few engines have done better 
when working between the same temperature limits. If clear- 
ance could be had without increasing extra surface for condensa- 
tion, it would have no effect on the economy, as indicated by our 
recent tests. It is, no doubt, of considerable importance. 


* «The Saturation Curve as a Reference Line for Indicator Diagrams,” vol. 
xv., Transactions. 
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Mr. Kent.—Another point is that the maximum speed of this 
engine is less than 100 revolutions. Corliss engines have been 
made to run much faster than that. Let us have this engine run 

_ with as high speed as the Corliss engine can give. 

Mr. George I. Rockwood.—I should think the poor vacuum 
realized in the condenser explains the low economy of this engine 
more rationally than the large clearances and its small size. It 
will be a matter of gratification if Professor Carpenter will con- 
centrate, in some one place in the paper, his purposes in making 
the tests and his views resulting from them. I hope that he will 
carry out tests at an early date to find out just the value of the 
intermediate cylinder in reducing coal consumption, especially 
with variable loads, and that he will place the results on record 
for inspection. 

Mr. Storm Bull.—I have been very much interested in this = 
paper, and for two or three years I have been conducting a series = = 
of experiments in the very line of Professor Carpenter’s. Ihave 
an engine of a different character. It is a compound engine only, 
and with poppet valves, but which has the advantage in this _ 
case of running at varying speed. It can run from 75 to 150 | 
revolutions. But the general results of Professor Carpenter have _ 
been confirmed in a general way. I think, however, we have __ 
obtained more favorable results for the jacket than Professor 
Carpenter has obtained. But my investigations especially have __ 
been to determine the influence of change of speed and of cut-off. _ 

My experiments have shown that the larger the load is and the __ 
later the cut-off is, the smaller the influence of the jacket will be, __ 

and the higher the speed, the smaller the influence. I think the 
results which I obtained are more favorable to the jacketing than 
Professor Carpenter’s. We have also a large clearance,and we 
have found, also, that the clearance is an important element. 

I would like to present these matters to a later meeting, so I will 

not say much about them at the present time. 

Professor Carpenter.—In regard to Mr. Kent’s remarks, I have _ 
not felt, nor do I feel, that it is safe to draw any general conclu- a 
sions from our tests. There are many conditions yet to be 
examined, and it seems to me the paper had better stand in its ae a 
present form. I took great pains to give objects and conclusions — ; 
in advance of the data of each test. All conclusions, so far as © 
we can give them at present, are to be found in this form in this 8 
paper, We hope to get in later times more complete data and = 
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fuller results, and I hope we may at that time be able to give those 
conclusions which seem so desirable. ‘=a 

I think what Mr. Rockwood said is no doubt true, that the 
poor vacuum is largely the source of poor economy. I hope that 
we may be able to make complete tests, in the manner suggested, 
with the intermediate cylinder left out. I might say that we 
have already made a few tests in that way. But unfortunately, 
Mr. Heilman, the instructor in charge, was killed in an accident, 
and the results of these tests could never afterwards be found. The 
results, I believe, showed somewhat in favor of Mr. Rockwood’s 
method ; but just how much I am not able to state at the present 
time. We are putting in a boiler to carry 450 pounds of steam 
pressure, and we have already been making tests on one at 500 and 


700 pounds, so that I think that we will perhaps in a short time | . a 


find out the effect of high-pressure steam. 

In this connection I may refer to correspondence which has 
been in progress concerning the electric device used in the tests of 
this engine, to operate a number of indicators simultaneously. A 
well-known firm engaged in the manufacture of standard steam 
appliances in the city of Boston has written to say that the device 
of Messrs. Witherbee and Heilman is very similar to the invention 
of Mr. Frederick Sargeant, who obtained letters-patent of the 
United States for an electric device by which any number of 
diagrams could be taken from as many different cylinders si- 
multaneously. This patent is No. 450731, dated April 21, 1891. 
Since then Mr. Frederick Lane has improved on this invention, 
and received letters-patent of the United States, numbered 530433, 
December 4, 1894, covering the same improvement. 

In 1892 this same company was called on to furnish apparatus 
for the simultaneous operation of several indicators by. electrical 
means, and after making inquiry in various directions they were 
unable to find any one who had a knowledge of such a device. 
Before getting out the patent in 1891 they made an extended search 
over the period of ten years prior to that date, and finding noth- 
ing in any way relating to such electrical device, they proceeded 
with confidence to negotiate for the purchase of the Sargeant 
patent above referred to. 

Our view in the laboratory has always considered devices of 
this class in the nature of scientific apparatus, and so we had never 
taken occasion to look up the record or chronology of the matter 
until this correspondence was brought to our attention. It may 


960 TESTS ON EXPERIMEME 
| 
=) 
a 
< 


d ie 4 TESTS ON EXPERIMENTAL ENGINE OF SIBLEY COLLEGE. 


not, on be without interest that I quote the following letter 
from one of our best-known experts in the testing of multiple- 
cylinder engines : 


June 28, 1895. 
Prof. R. C. CARPENTER. 

Dear Sir :—I received a note the other day from Mr. J. T. Henthorn, saying 
that he had had some correspondence with you regarding the use of an electro- 
magnet to operate the pencil of an indicator.* I thought that it might be of 
interest to you to know the dates when I first made and used such an attachment. 
Drawings were made in April, 1889, work began on first instrument in June, 1889, 
and experimented with off and on during the summer, First set of six indicators 
completed November 27, 1889. First used in regular work jn testing engines, 
December 10, 1889. 

Very truly yours, 
Asa M. MATTICE. 


*The device was used in test of Narragansett engine, in 1891, described in 
paper by Mr, J. T. Henthorn, Transactions, vol. xii., p. 643. 
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THE EFFICIENCY OF BOILERS: A ORITICISM OF 
THE SOCIETY'S STANDARD CODE OF REPORT. 
ING BOILER TRIALS. 


(Member of the Society.) 
= THERE is no common matter about which there are fewer 
- aceurate and scientific ideas than about boilers, their actual 
_ performance, the reasons therefor, the proper criterion by 

_ which to judge of their performance, and the economical merit 
ofa boiler. There is also, in the minds of many who ought to 

know, no idea of the limitations of boiler evaporations, nor of 
the magnitude or nature of boiler losses. Extraordinary, if not 
impossible, guarantees are made, and evidently only for the 
purpose of securing contracts, and trusting to good fortune to 
escape a penalty. Such guarantees produce injury to other boiler 
makers, mislead the consumer, later causing him, when he finds 
out the impossibility of the guarantee, a great deal of annoyance, 
if not expense, and are, in fact, immoral. 

It is not uncommon to use a particularly rich quality of coal 
on a boiler trial, and to use the result, which is wonderfully 
good, in advertising the boiler, and thus to deceive the public. 
_ Any coal dealer probably will furnish a picked lot of coal for 
tests, and will send it sealed in a box car to the place of con- 

sumption. Nobody feels the advantage more than the writer 
of having a standard coal of uniform quality for boiler trials in 
this country, as they have hand-picked Nixon’s Navigation Coal 
in England, but there could scarcely be anything more mislead- 
ing than results sometimes published. A poor boiler tested 
with good coal may give a greater evaporation than a good 
boiler with poor coal. 

Results may be vitiated for comparison by drying samples of 
coal, for moisture allowance, different lengths of time. Some- 


J 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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times the sample is dried twenty-four hours, and thus is favor- 
able tothe boiler, while other samples may be dried six or eight 
hours. In order to do away with this difficulty I recommend 
that a well-selected sample, weighing six or eight pounds, be dried 
six hours in a clean pan placed on the boiler flue. This sample 
should be weighed with a scale which is accurate to quarter 
ounces. 

Considerations of this kind lead to the inquiry, How can a 
boiler trial be reported so as to show the true value of the 
boiler as a generator of the possible heat in the fuel and as an 
absorber of the heat generated, independent of the quality of 
the fuel? The reply to this question is that its “efficiency” 
must be determined and reported. The definition of “ effi- 
ciency” is as follows: the efficiency of a boiler is the ratio 
between the total heat which any given coal can generate by 
complete combustion, and that part of it which is absorbed by 
the water and steam heated and generated. 

The next question is: How can dealers be made to base their 
guarantees upon efficiency, and how can purchasers be made to 
understand the meaning of efficiency? The answer is: Through 
the efforts of this Society. 

This naturally leads to a discussion of the report by a commit- 
tee of and to this Society, recommending a standard method of 
making and reporting boiler trials, as printed in Volume VI. of 
the Transactions.* 

That report is emphatic in expressing the desirability of a 
standard method, and particularly of the importance of express- 
ing the value of the boiler. On page 259 the report says: “The 
scheme must also be so complete that, if carefully and exactly 
followed, the precise value of the boiler may be ascertained 
with certainty.” Yet after this the word “ efficiency” is scarcely 
| mentioned, much less recommended as a measure of value, thus 
. wholly missing the point. Wherever used, it is in the most 
l general sense. In one discussion it appears with its proper 
1 ‘signification. 

The report recommends, on pages 262-3, that its standards of 
f power and economy be respectively the “commercial horse- 
power” and “ unit of evaporation,” both of which are explained. 
It then says, page 263, that the relative economy of boilers is 


He Report of a Committee on a Standard Method of Steam Boiler Trials,” vol. 
, Transactions, P. 256, No. 168. 
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expressed by the number of units of evaporation obtained by a 
pound of combustible. Nothing could be farther from the 
truth. In fact, this conveys only the roughest idea of the rela- 
tive economy of boilers, and takes no account of the fact that 
combustible, as well as coal, varies in heat value per pound. In 
a recent case that came under the writer's notice a pound of 
es combustible contained 14,177 units of heat, and another 15,398.* 
. nS The latter is 8.6 per cent. greater than the former, and there- 
RS: ; fore ought to evaporate at least 8.6 per cent. more water from 
es and at 212 degrees. If the evaporations per pound of com- 
bustible in the two boilers using these coals had been equal, 
according to our Society’s code they would have been equally 
good boilers. It is evident, however, that they would have 
been far from equally good. In one case the evaporation was 
11.85 pounds, on this basis, while with the better coal in the 


; same boiler it would have been 11.85 x 1.086 = 12.87, thus 
ees changing it from a fairly good to a remarkably good boiler. 


The boiler using the better coal gave a better result than it is. 
in general entitled to, and has apparently misled both its 
designer and builder, as well as the public, while, if its merits 
had been judged by its efficiency, it would have taken its proper 
place as a steam generator. 

Next to be considered is: How can the efficiency be de- 
termined? This is determined by knowing the number of 
units of heat that a pound of coal and a pound of combustible 
will give out when burning under perfect conditions, and the 
number of heat units that the water evaporated has received. 
In doing this the heat that goes up chimney should not be 
deducted from the possible heat of the coal, as is sometimes 
done, for different boilers allow different amounts to escape. It 
should be the function of a boiler to reduce this heat as much 
as is consistent with the temperature of the steam. 

There are two methods of obtaining the heat value of the 
coal, one by burning a representative sample in some kind of 
oxygen calorimeter, and the other is to analyze the coal and 
ae the elements with their heat values. The oxygen calo- 

om = is chee: preferred, but as it is considered to be the 
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analysis, the writer prefers to use the analysis and thus avoid 


ss a the imperfections of the calorimeter. As most engineers will 
wish to have their coal analyzed, it is best to use this for heat 


value and avoid the expense of a calorimeter determination. 
This is a point, however, that the Society must determine. 
Our standard method recommends coal analysis, but is silent 


4 ‘as to what use is to be made of it. Neither does it mention the 


oxygen calorimeter, nor does it speak of computing the heat 


value of the coal from the analysis. 


Having now called attention to the defects of the standard 


- wish to add that wherever there is an economizer, a boiler trial 
_ should in general include a determination of the effect of the 


method of making trials and judging of the value of boilers, I 


economizer. These devices are now very common, and in many 


- eases have sufficient heat to work upon to convert a wasteful 


plant into an economical one. 
Concerning the standard form for reporting trials, it has an 
insufficient number of items, and also contains some useless 


ones. To criticise its wording and items, of what value are the 


words in item 26, “and apparently evaporated”? In item 29 
the word “ equivalent” is superfluous. In item 31, the words 


The item 34, “Commercial Evaporation,” is of questionable 
value, and should be dropped. 
In items 36, 37, and 38 the assumption of one-sixth refuse 
‘should be abandoned ; for why, henceforth, assume the refuse ? 
Item 38 should be changed from “Per square foot of least 


; - areafor draught” to “Per square foot of boiler-tube opening.” 
_ This item is of little or no importance, and as it is in general 


impossible to determine the least area for draught, it is best 
to have something easily determined, definite, and possibly of 
some use. 

The items 40, 41, and 42, so far as they depend upon “ tem- 
perature of 100 degrees Fahr. into steam of 70 pounds gauge 
pressure,” should be abandoned, as these are conditions of 
past practice, not now often met, and soon to be extinguished. 


The commercial horse-power unit has become fixed and val- 
uable, but should be stated with reference to the evaporation 


better the nearer its result comes to that computed from th ae oa 
; 
3 
tan 
“from actual pressure and temperature” are superfluous. a 
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Here, also, the “least area for draught” should be 
“tube opening. 
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from and at 212 degrees Fahr. only, as 100 degrees Fahr. and 

70 pounds are obsolete. In order to avoid the } in 344, it is 

recommended that 35 be used. This differs from 34} by less 

than 1} per cent., and as the horse-power of a boiler is very 

_ flexible, the proposed change is not harmful in any respect, nor 

_ misleading, when comparisons are made between powers by the 

_ old and proposed units. Its history can be readily traced by 

future students. 

It is of great importance to determine the unit for comparison 

on an efficiency basis. It would be commercial if the efficiency 

_ on coal were taken, but this would require picking out uncon- 

- sumed coal from the refuse, and would assume that equal per- 

centages of unconsumed coal fell through the grates in different 

ss eases. It is, therefore, best to use the efficiency based on com- 


eat usefully absorbed from 1 lb. of combustible. 


Heat value of 1 lb. of combustible. 


: This also is the quantity on which the guarantee should be 
based, and the contractor should have the following clause in 
his specifications: We guarantee that our boiler will give an 


hours’ duration. 
fre Unless this Society shall take a stand upon this matter and 
-_- revise its standard method it will not be to its credit, as the 

__- present code has become open to criticisim of this sort by the 
passage of time. 

An improved form of blank is appended, embodying the 
changes suggested in reporting boiler trials. 

oF Bomber TRIALS FOR 
ov 
KIND OF FUEL, 


2. Duration of trial , 
8. Number of boilers in 


Dimensions and Proportions. 


4. Grate surface of each boiler 
5. Grate surface, total 
6. Water-heating surface of each boiler 


966 
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Soe efficiency of —— per cent. referred to combustible consumed 
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Water-heating surface, total................. 8q 
8. Superheating surface of each boiler................+ sq. 
Ratio of water-heating surface to grate surface. ..... 
a 12. Ratio of total heating surface to grate surface... .... Do tc 
Average Pressures. 
a 13. Steam pressure in boiler, by gauge, per square inch .. 
14, Atmospheric pressure, per square inch.............. ‘ 
5 15. Absolute steam pressure in boiler, per square inch... . 
16. Force of draught incolumn of water between damper 
17. Force of draught in column of water beyond damper . 
18. Of external air...... tel | 
20. Of feed-water before entering economizer......... deg. 
21. Of feed-water before entering boiler. ..... ‘ deg. 
Of escaping gases after leaving boiler........ deg. 
+283. Of escaping gases after leaving economizer.......... deg. 
Fuel. olay 


27. Dry coal consumed............. 
28. Wood consumed................. 


29. Coal equivalent of wood.................... hanna 
30. Total dry coal consumed, including wood equivalent. . 
3f. Total dry refuse..... gras ane 
33. Total combustible (items 30-31) ..............-. 
35. Combustible consumed per hour ............. ‘Tbs, 
—" 8. Quality of steam, dry steam being taken as unity .. 
Percentage of moisture in 
Number of degrees superheated....... ice 


British Thermal Units. 


39. Number of heat units in a pound of dry coal, by 
analysis.. ..... 
40. Number of heat units in a pound of combustible, by 
41. Number of heat units in a pound of dry coal, by 
oxygen calorimeter .... 
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. Number of heat units in a pound of combustible, by “pore 

. Percentage of 41 to 39; of 42 to 40....... S06 Kwaha ted ss per cent, 
. Specific heat of superheated steam at constant pressure jg 0.48 
. Heat units absorbed by boiler per pound of steam gen- 

erated  B.T.U. 
. Heat units absorbed by boiler and economizer, per at 

pound of steam generated a 
. Total heat units absorbed by boiler hs be B.T.U. 
. Total heat units absorbed by boiler and economizer... 
. Heat units imparted to boiler per pound of dry coal.. ee EY. 
. Heat units imparted to boiler and economizer, per Aer 

» P 


pound of dry coal B.T.U. 


. Heat units imparted to boiler per pound of combustible B.T.U. 

. Heat units imparted to boiler and economizer, per 
pound of combustible. ... 

. Factor of evaporation for boiler....... 


B.T.U. 


Factor of for boiler and economizer. 

. Total water pumped into boiler 


Water actually evaporated, corrected for quality of 


. Equivalent water from and at 212 damn. boiler only 
. Equivalent water from and at 212 degrees F., per hour, 
boiler only 


Evaporative Performance. 

wk i 
ls 
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. Water actually evaporated, per pound of dry coal . 
. Equivalent per pound of dry coal from and at 212 
degrees boiler only 
Equivalent per pound of dry coal from and at 212 de- 
grees F., including economizer 
. Water actually evaporated per pound of combustible. 
. Equivalent per pound of combustible from and at 212 
degrees F., boiler only 
Equivalent per pound of combustible from and at 212 
degrees F., including economizer Ibs. 


65. Efficiency of boiler, based upon dry coal (item 49 + 


item 39) per cent. 


66. Efficiency of boiler, based upon combustible (item a 


item 40) sper cent. 


67. Efficiency of boiler and economizer, based pens a ee 


coal (item 50 + item 39)............ sper cent. 


68. Efficiency of boiler and economizer, based ‘upon com> . 


bustible (item 52 +- item 40) sper cent. 
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Water evaporated per square foot of heating surface 
‘78. Water evaporated per square foot of grate surface per | 


99. Water evaporated per square foot of tube opening (foray 
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ety Commercial Horse-power (boiler only). aufialwoad 
69. On basis of 34} pounds of water from and at2i2de- 
grees F., per hour by boiler................... 

70. Number of square feet of heating surface per horse- 

71. Horse-power per square foot of grate surface....... p dehia 
72. Horse power, builders’ rating, at— square feet per 

73. Per cent. developed above or below rating........... 


Rate of Combustion. 


74. Dry coal actually burned per square foot of grate sur- thade 

75. Dry coal burned per square foot of tube opening per yiiet i, 

76. Dry coal burned per square foot of water-heating sur- 


Rate of Evaporation. 


per hour from and at 212 degrees F.............. 0 bs, 
ieee hour from and at 212 degrees F................. “wale Ibs. 
area per hour from and at 212 degrees F........ hd, fe lbs. 


ir 


* 


If the discussion of this paper should prove favorable to the 


suggestions herein made, the writer proposes to offer the follow- __ fee 
ing resolution : 
Resolved, That the Council of the American Society of Mechan- 


ical Engineers be requested to appoint a Committee of the 
Society to consider the Standard Method (of 1886) of Steam * | 
Boiler Trials, reported by a Committee of the Society at that 
time, and if, in the judgment of that Committee, a revision of 
the standard of 1886 is desirable, that Committee shall report 
its recommendations for a new Standard Method (of 1895) for 
conducting Tests of Steam Boilers. 


Mr. Geo. H. Barrus.—It has been understood for a long time aa 


that the evaporative performance of a boiler, expressed in terms 
of water evaporated per pound of coal, or even per pound of 
combustible, furnishes no adequate idea of its efficiency as a 
steam generator, unless some knowledge is had of the general 
character of the fuel to which it relates. Even with such 
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variation in the value of different coals of nominally the same 
class. This whole question has been gradually assuming defi- 
nite shape, until it is now practically settled that, unless the 
calorific value of the fuel used on a boiler test is known by 
actual trial, and the relation between the heat utilized by the 
boiler and the total heat of combustion of the coal is ascer- 
tained, no reliable information is obtained as to the real per- 
formance. The well-worn term “ efficiency” characterizes the 
relation noted, but this term has not been applied in common 


into some importance in a commercial way, since contracts for 
boilers are at the present time being executed in which the 
compensation is based on the percentage of “ efficiency ” attained, 
where formerly it was based on the amount of water evaporated 
with a given kind of coal. 

Ten years ago the Society made a careful study of the subject. 
of boiler tests, and, through its committee, devised a Standard 
Code of Rules for conducting such tests. This code has been 
generally adopted by the profession. As proof of its wide 
acceptation, the fact may be mentioned that the code has been 


engaged in the steam business, and it has been introduced into 
several text-books and standard works on steam engineering. 


during the past five years. 

The Society’s consideration of the subject occurred previous 
to the agitation which has resulted in basing the performance 
of boilers on “ efficiency” rather than on evaporation; and natu- 


accompanies it, to calorific determinations. During the period 
which has elapsed since the code was accepted by the Society, 
considerable advance has been made in determining the cal- 
orific value of coal; and there is at the present time a number 
of parties who are engaged in making these determinations 
in commercial work. Just now, also, there are in progress, 
in more than one college laboratory, investigations upon this 
subject, having in view a comparison of different methods of 
making calorimeter tests, and of different forms of instrument. 
It is evident that sooner or later these investigations will put 
the Society’s code “ behind the times,” if they have not done so 


knowledge the information is unsatisfactory, owing to the wide: 


parlance to boiler-work until recently. The matter has grown 


reprinted and embodied in a number of trade catalogues of firms 4 


Furthermore, it is referred to in many boiler contracts executed | 


rally little reference is made in the code, or in the report which 
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already ; and there is immediate need of a revision of the Stand- 
ard Code of Rules to bring them up to date. Iam therefore in 
hearty sympathy with Mr. Dean’s recommendation, in so far as 
it relates to amending the work of the former committee so as to 
include the methods to be followed in determining efficiency. It 
would be well, if such action is taken by the Society, to empower 
the committee to investigate the subject of coal calorimetry, so 
that they may be able to recommend a standard method of 
conducting this important part of a boiler test. As to the 
personnel of the committee, it seems to me that, so far as may 
be, it should include the members of the former board, for 
their work is to be commended, from whatever standpoint it is 
viewed. 

I cannot endorse the recommendation of the paper that the 
calorific determination be made from a chemical analysis instead 
of a calorimeter test. A chemical analysis for this purpose 
is objectionable, on the broad ground that the work must be 
intrusted to a chemist. The engineer should be responsible for 
the efficiency test from first to last. He cannot, as a rule, satisfy 
himself regarding the chemical determinations so as to be able 
to vouch for them. The person conducting a boiler test should 
be capable of judging from his own knowledge as to the correct- 
ness of all the data. The process of determining the calorific 
value of coal in an oxygen calorimeter is quite as simple and 
easily comprehended as the boiler test itself. This reason 
alone furnishes sufficient ground for using the direct determi- 
nation of the calorimeter, instead of the indirect method based 
on analysis, which, at best, is complicated and uncertain. 

Prof. R. H. Thurston.—1 am inclined to think, with Mr. Dean 
and Mr. Barrus, that it would be well to revise the Code of 
Boiler-Trial Reports, and think it might be well to have all such 
codes of practice revised at stated intervals, if not kept under 
constant revision by proper committees; if for no other reason, to 
give assurance to members and to those who may have occasion 
to employ them that they are maintained as representative of best 
contemporary knowledge and practice. Improvements in the 
arts and advancement in the sciences contributory to engineering 
are so constantly taking place, and so rapidly, in many directions, 
that what is right to-day may be obsolete another year. It should 
be practicable to secure a code which should be at once rigidly 
exact, as judged by the methods of the best scientific processes, 
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and yet simple enough to permit its application with satisfaction 
by every engineer of ordinary information and attainments. 
_ Basing results upon a statement of evaporation per unit weight 
of coal is too crude and uncertain to be allowed; the reduction 
of data. to performance per pound of combustible is generally 
satisfactory, with anthracite coals; but a determination of the 
calorimetric value of the coal, and analysis into carbon, hydro- 
carbon, and ash and moisture, are required for a full determination 
of the real value of the boiler and of its efficiency, as needed for 
comparison of one with another, and of all with a common 
standard. All this is now easily done, and there is no reason 
why the Code should not prescribe scientifically exact methods 
for adoption when the case is of sufficient importance to demand 
their employment. We do, however, find chemical analysis of 
_ bituminous coals usually very helpful. 
The case is made particularly clear now that it has become 
possible to substitute for the old and tedious methods of “ bomb” 
_ calorimetry the later and simpler methods, giving results in 
minutes that formerly took hours, and with greater accuracy and 
_ freedom from the risks coming of necessary and numerous checks, 
standardizations, and computations. Such methods as that used 
in our laboratories, as described in the paper before the Society, 
will prove most admirable aids in the promotion of easy and 
accurate measurements of the calorimetric value of the fuel. 
‘ iad here, as here, the several efficiencies of fuel, of furnace, of 
boiler, and of storage and transfer of heat, when exact work is to 
a be done, must be separately measured and discriminated, every 
process tending to simplify and improve practical everyday work 
oe becomes of inestimable value. Properly employed, either of 
several methods of measuring the calorific value of the fuel may 
be employed, and with substantially and practically equal satis- 
_ faction, so far as the final outcome is concerned. That which 
Shei - gives accurate results in the quickest, cheapest, and most certain 
pt way will be accepted by engineers. But, even after the thermal 
Les hay content of the fuel is ascertained, it by no means follows that 
isd equally good boilers will give the same efficiencies with different 
coals of equal total thermal content. We find that the bitu- 
 minous coals often surrender less heat, proportionally, than the 
- EG _anthracites, and this makes it still difficult to rate the boilers com- 
\ ie paratively when using different classes of fuel. This fact is no 
ss argument, however, against the use of every means possible to 
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make the comparison as nearly exact as is practicable, and the 
calorimetric measurement of the fuels does give us the power of 
taking one more step toward that end. 

I am inclined to agree with Mr. Dean in most of his criticisms 
of the Code as it stands. It was evolved out of the older 
methods and practice, and it would be a miracle were it to have 
proved perfect as a first attempt to construct an authoritative 
code. 

As to Mr. Barrus’s strictures on the chemical analysis, I am not 
inclined to offer so decided an objection to its adoption. It is 
often most convenient to the engineer to send his samples to the 
chemist, and the chemist is coming to use the same methods, in 
large part, that we are now coming to employ in our own calo- 
rimetry. The Code should, I think, give the practitioner the best 
ways, and the best alternative ways,as well, of reaching his 
results. The “bomb calorimeter” will now be found in every 
chemical laboratory of importance, and every chemist doing this 
class of work will supply himself with the best apparatus obtain- 
able for the purposes of analysis, both chemical and thermal. It 
looks, now, however,.as if the engineer might presently give the 
chemist better methods of calorimetry than those which have 
made Berthelot and Hempner famous. We are making thermal 
analysis exact, rapid, and handy. 

Mr. H. De B. Parsons.—I fully concur in Mr. Dean’s recom- 
mendations for a revision of the Society’s rules for reporting 
boiler trials, and I am also in favor of Mr. Barrus’s suggestion 
to empower the new committee, if appointed, to investigate fully 
and report on the methods of coal calorimetry. 

It appears to me that if this latter investigation should prove 
little difference to exist between the heating values of coal, as 
determined by theoretical calculation from a chemical analysis, 
and the experimental value, as determined by the calorimeter, that 
due value should be given to the chemical work. I cannot agree 
with Mr. Barrus that a chemical analysis would be objectionable, 
because the engineer should be responsible for the efficiency test 
from first to last, and therefore cannot trust a chemist, as being 
an outsider. A chemist can be just as well trusted as the reports 
of the various assistants or observers which are necessary in all 
boiler-testing work. There is no more trouble or danger in 
sampling coal for analysis than in sampling for the calorimeter, 
and the accuracy of the analysis will be just as great as that from 
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the calorimeter. Now, if the committee reports that the heating 
value is the same, as determined by both methods, within the 
limits of error allowable, the chemical method should be allowed, 
because in the majority of cases it is the simpler to apply. It is 
always easy to procure a correct analysis from a reliable chemist, 
while it would be necessary for most experimenters to send the 
coal sample to some college laboratory to obtain a report from 
the calorimeter. Here it would be just as necessary to trust to 
an unknown man as in the chemical test to which Mr. Barrus 
objects. Should the calorimeter give results not in concordance 
with the chemical method, then, of course, the latter should be 
abandoned in favor of the former. 

Mr. William O. Webber.—Lhave read with a great deal of inter- 
est Mr. Dean’s criticism of the Society’s Standard Code of Report- 
ing Boiler Trials, read at the Detroit meeting just past, and Mr. 
Barrus’s discussion of the same ; and wish to add my testimony, as 
being in full accord with Mr. Dean’s recommendations, so as to 
include the determining of the efficiency of the boiler in all stand- 
ard boiler tests. I do not agree with Mr. Dean that the British 
thermal units should be determined from ehemical analysis, but. 
agree with Mr. Barrus that they should be obtained from a coal 
calorimeter test instead, as I believe that the results obtained by 
calorimetric tests are more nearly similar to the conditions inci- 
dental to a boiler test than those obtained by chemical analysis. 
I would, however, in the interests of making all reports as simple 
as possible, cut out as many items which apparently reiterate in 
another form results already once stated. , It has always seemed 
to me that after stating the amount of coal combustible it would 
be as well to leave further deductions, based on this, out of the 
report, as they are somewhat misleading to the average mind, 
and do not coincide with actual conditions. 

If we had a standard test coal this item would not be necessary, _ 
and as a statement of the evaporative value of a boiler the _ 
equivalent per pound of dry coal from and at 212 degrees conveys 
just as much information, and I believe of more practical value, 
than the same equivalent per pound of combustible. I would 
also criticise the number of items which Mr. Dean has included 
under the heading of British Thermal Units. It seems to me that 
so many statements in this designation would only tend to con- 
fuse the average reader, and I would suggest, therefore, that these 
designations be kept as close as possible to the three follow- — 
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; 


total heat units absorbed by boiler, as used by Mr. Dean. 


Number of heat units in a pound of dry coal by calorimeter,and 


the efficiency of the boiler, being one item divided by the other. 
And I would also suggest, after correcting the basis and wording 
of the items, under commercial horse-power, as suggested, the item, 
pounds of dry coal burned per hour per horse-power developed ; 
and if the value of the coal delivered, per ton, can be obtained, the 
items of the cost per 1,000 horse-power per hour developed, and 
cost per 1,000 pounds of dry steam, would be of great practical 
value. I would also suggest, as the gas analysis of the es- 
caping gases plays so important a part in the consideration of 
the boiler, and their determination is so easily made by the im- 
proved Orsart apparatus, that the following items be included in 
a standard report: carbonic acid gas (per cent.); oxygen, carbonic 
oxide, pounds of flue gas per pound of carbon; and possibly a 
statement of the heat balance, as drawn off by Mr. R. D. Hale, 
of the Boston Society of Engineers, in a report on methods of 
making tests at the Edison Station, in which he gives the follow- 
ing items : [ 

_ Heat Balance, Dr. (All referred to 32 degrees Fahr., in units.) 
_ In the coal, in the water, in the air. 
Heat Balance, Cr. 

By dry steam, by flue gas (extra temperature of gases), by 
evaporation of water in coal, by priming or moisture in steam, and 
by radiation, and unaccounted for. 

I also like to see a very full description of the boilers under 
test, giving, besides the grate surface, water-heating surface, etc., 
the actual length, width, and opening of grate, the distance from 
the grate to the shell of the boiler, the diameter and length of the 
boiler, diameter, length, and number of . tubes, and the height and 
area of stack, and the ratio of the stack area to the grate area. 
I think it would also be of advantage to include, next to the item, 
Percentage of Ash and Refuse in Dry Coal under actual condi- 
tions, a statement of the percentage of ash and refuse by analysis, 
as showing the difference in the behavior of the coal used under 
the two different conditions. 

To sum up my whole discussion, I wish to agree fully with the 
object of Mr. Dean’s paper, as a very desirable step in the right 
direction, but to advocate giving all the information possible in as 


ing items, which really convey the whole information desired, a 
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few and comprehensive items as possible, avoiding repetitions of 
results obtained by different methods of calculation, and accept- 
ing some one form of statement as standard. 

Mr. John R. Wagner.—I was in hopes that the movement which 
Mr. Dean is endeavoring to bring about would be agitated at the 
Chicago meeting. I am exceedingly &nxious to see amendments 
to the Society’s Standard Code, not so much from the standpoint 
_ of Mr. Dean and Mr. Barrus—that is, to determine the efficiency 
_ of the boiler, to show whether the guarantee has been fulfilled— 
but from the standpoint of an engineer who is anxious to study 
the question of boiler performances and present systems of 
firing. 

In compiling the results of a large number of boiler tests by the 
_ best American authorities, I was impressed with the amount 
of information wanting to enable me to, account for the high 
or low duty or to locate the losses. The reports of tests made 
in Europe nearly always included information and data suffi- 
cient to make a complete study of the boiler and furnace per- 
formance. 

I would suggest to amend the improved form of blank offered 
by Mr. Dean, by including not only an analysis of the coal, but 
also a sizing test ; an analysis of the ash or refuse from the ash- 
pit, to determine the loss there and to have a check on the total 
ash produced (by calculation), and an analysis of the stack gases, 
to determine the excess and actual quantity of air. I would also 
suggest that the committee appointed to take up this question 
consult the paper read by my friend, the late Eckley B. Coxe, 
before the New England Cotton Manufacturers’ Association, at 
Providence, R. I., last April, the title of which is: “Some 
Thoughts upon the Economical Production of Steam, with Special 
Reference to the use of Cheap Fuel.” 

Mr. Coxe expected to read a paper at this meeting, embodying 
some of the matter contained in the above paper, and which 
would have had a direct bearing on the question of boiler tests, 
and showing the importance of data invariably omitted from the 
reports of boiler tests. 

It seems to me that the method of getting at the efficiency of 
a boiler, as proposed by Messrs. Dean and Barrus—that is, based 
on the calorific value of the fuel—is not altogether satisfactory, as 
the boiler should not be accountable for functions belonging 
to the furnace. In other — the very best boiler may be 
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made to have a very low efficiency by a poorly managed fur- ae: 
nace; that is, by allowing a large excess of air to pass ‘through } 
the farnace. 

If, however, we have an analysis of the stack gases, of the ash 
produced, and of the fuel used, we can locate the cause for the - = 
high or low efficiency. 

From my experience with the oxygen calorimeter during the = 
past three years, I think it advisable for the next few years (until 
fuel calorimeters have been further improved) not to rely on 
calorimetric tests alone, but check them up by chemical analysis es 
of the fuel, especially i in the case of anthracite, where a precinahte 
analysis will give more concordant results (unless determined in- 
the Mahler calorimeter). (See valuable paper, special bulletin, i 
Professors E. E. Slossan and L. C. Colburn, of the University — 
of Wyoming, Laramie, Wyo.) 

Mr. A. F. 'Wagle-—In the main, I see no objection to the pro- — 
posed changes in the code governing boiler tests, suggested by _ ee 
Mr. Dean. In the revised code, Article 59, “Water actually = 
evaporated per pound of dry coal” should be preceded by “ Water cues xe 


pumped into the boiler divided by coal shovelled into the fur- = 


nace,” for that is what the practical man of affairs wantstoknow = =—— 
and has to pay for. “ 

On the whole, the matter of dry coal is apt to be an error, or | 
deceit, or fraud, one of so very little practical value that I have _ 
grave doubts of the wisdom of retaining it. outside of ee . 
work. 

Would it not be better to base all calculations upon coal as” 
found and paid for, and have one paragraph simply giving ite ee cae 
moisture as a guide in the selection of coal ? : = 

There is the further objection to correcting for moisture in soft — 


coal in that it is commonly believed that moisture actually wide oe Se 


to its evaporative efficiency. 

I am aware that this belief does not rest upon scientific ibd. * 
but skilful firemen, like good blacksmiths, wet soft coal before 
using it. They baw it makes a hotter fire, and perhaps a little — 
thought will reveal a reason. The moisture holds the fine carbon 
particles together, preventing their escape up the chimney,and =— 
holding them together until they can be raised to a temperature a,” 
sufficiently high 1 for ignition. ae 

No, I think I would strike out all pertaining to dry coal—cer- cre 
tainly when applied te to soft coal. ae 
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“Commercial Horse-power (boiler only).” 

I confess I do not know what is meant by “ boiler only.” What 
else are we talking about ? ys 

Item 69 meets with my approval. I see no reason for con- 
tinuing an obsolete rating of 30 pounds of water from 100 
degrees feed to 70 pounds steam. It is never obtained in prac- 
tice without a process of calculation, and so serves no simple, 
direct way of obtaining the horse-power of a boiler. If a calcu- 
lation be necessary, we may as well make one and be done 
with it. 

I do not agree with Mr. Dean that 35 pounds would be prefera- 
ble to 34} pounds of water from and at 212 degrees per boiler 
horse-power. 

This matter was so fully discussed at the time the former code 
was adopted that scarcely anything new can be said. Simply to 
avoid a fraction is not reason enough. It has been so very diffi- 
cult to get the standard we have that to open the subject again 
for the sole purpose of avoiding a fractional calculation is not 
reason enough to compensate for the complications and new dis- 
putes which would certainly arise if we attempt to make the 
change proposed. | 

Mr. F. A. Scheffler—I have read with a great deal of interest 
the comments Mr. Dean has seen fit to make in his criticism of _ 
the Society’s present Standard Code of Reporting Boiler Trials. 
I am heartily in favor of his suggestion to appoint a committee 
to investigate the faulty features of the present standard, with a | 
view of the Society’s eventually adopting a new set of rules and | 
regulations for boiler trials. The guarantees made by many 
parties, who are more anxious to sell goods than they are to tell 
the truth, are altogether against the best principles upon which 
any kind of business should be based. If this Society can fix a 
standard wherein the question of efficiency is the resultant factor, 
and it is generally known throughout the country that the ques- 
tion of number of pounds of water evaporated per pound of coal 
is not being universally used as a standard for comparison, the 
Society will have accomplished a great deal of good for the bene- 
fit of engineers in general and the boiler business in particular. 

The writer knows of a case where a certain manufacturer of 
boilers actually advertised in the trade journals that, with Pitts. _ 
burg Slack Coal, that particular boiler had evaporated in a _ 
specified test 14} pounds of water from and at 212 degrees per 
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pound of combustible. Had this party advertised and claimed 
that the boiler would show an efficiency of 125 per cent., he 
probably would have come,to the conclusion very quickly that 
he was the laughing-stock of his competitors and purchasers in 
general, for he would certainly not have dared to offer a boiler to 
even the most ignorant of purchasers should he claim more than 
100 per cent. efficiency ; such a purchaser might have allowed 
him 10 per cent. to come and go on, but he surely would not con- 
sider anything higher than 90 per cent., and any one who can 
conscientiously show to-day an efficiency of 90 per cent. can 
afford to shut up his office and sell out for a mint of money. 
Should a committee be appointed by this Society, I would also 
suggest that this committee devote some time to investigate and 
suggest what shall be determined a horse-power on the heating- 
_ surface basis, and at the same time fix, if possible, a certain 
amount of draught, at the point where the gases leave the boiler, 
as a standard draught on which the amount of water evaporated 
per square foot of heating surface should be based. The question 
of heating surface in a boiler very seriously affects its efficiency, 
and several manufacturers endeavor to induce their customers to 
purchase boilers on the basis of only 74 square feet of heating 
surface per horse-power, others offering 9, some 10, and others 
114. There is no question but that the boiler made on the 
basis of 74 square feet heating surface per horse-power will have 
to evaporate 50 per cent. more water for each square foot per 
hour than the boiler which has 114 square feet, providing both 
agree to call a “horse-power ” 344 pounds of water evaporated 
from and at 212 degrees, which is the Society’s recommended 
standard. With the same draught neither of the above boilers 
can evaporate any more water per square foot of heating surface 
than the other with the same coal and all other conditions being 
equal, I do not agree with Mr. Dean that the best method of 
determining the value of the coal is by analysis, for the reason 
that there . are several calorimeters in use to-day which are so 
very trustworthy in the results obtained by-them that the value 
of the coals can be much more accurately determined and for con- 
siderably less money than by an analysis, which, as Mr. Barrus 
states, is at best complitated and uncertain, and requires a 
chemist to make such analysis. 
Mr. E. D. Meier.—\ have read Mr. Dean’s paper with much 
interest, and am in favor of a reform of the code for conducting Re te 
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boiler tests. But I cannot agree with him in regard to retaining 
that indefinite quantity, the “ pound of combustible,” in the code 
at all. I have no doubt that the first intention was to deduct 
only the ashes and clinker from the coal, and call the balance the 
number of pounds of combustible. But, as Professor Potter has 
pointed out in his discussion, this would not be fair to coals which 
contain a lot of volatile matter which is not combustible, nor 
would it account for the heat lost in evaporating the character- 
istic moisture in the coal, which must be done by a portion of the 
combustible matter, thereby robbing the boiler of so much heat. 
I have no doubt that the committee which drew up the code 
acted within the limits of what was then the best practical 
knowledge on the subject. Naturally they had in view the high- 
grade coals with which they were familiar, and with which most 
of the boiler trials then known to the engineering fraternity of 
the United States were conducted. 

At that time accurate tests of boiler or steam-engine perform- 
ance were rarely required elsewhere than in the Eastern States ; 
but with the extension and enlargement of the manufacturing 
industries of the Mississippi Valley, of the Rocky Mountain 
mining districts, and of the Pacific Slope, and the general intro- 
duction of large electric plants for light, power, and railway work 
in almost every good-sized town in the country, both boiler and 
engine tests have become a daily necessity. And those of us who 
have to deal- with the abundant, free-burning, but low-grade 
coals of the Mississippi Valley, the lignites of Colorado, and the 
light coals of the Pacific Slope, are fully convinced that the 
pound of combustible, made the basis of comparison in boiler tests, 
is not only of no value, but is positively misleading. . There is a 
vast difference in the amount of losses due to impurities of the 

—— between Cumberland or Youghiogheny coal, showing from 
4 to 6 per cent. of ash, and those that we have to reckon with 
when we are burning Illinois coal, running from 10 to 18 per 
cent. of ash, as also between anthracite Ww ith 80 per cent. of fixed 


carbon and 4 per cent. of volatile matter, or with lignites having 


80 per cent. of fixed carbon and 38 to 40 per cent. of volatile 
g a. The deduction of the ash does not cover the ground for 

several practical reasons. There are ‘many Western coals with 
which practice shows it to be necessary to clean fires every three 
it the utmost skill 1 in the fireman to 


090 
j 
i 
7 
H 
i 
| 
. 
} 
ite 
i 
i 


Many automatic devices which do well on the richer Eastern 
coals have entirely failed when applied to Western coals. I have 
seen some of them which gave admirable results in combustion 
and evaporation for a few hours, but when the fires had to be 
cleaned the labor was akin to that required in handling a puddling 
furnace, and all the good results ‘of three hours of fine combustion 
were lost during five or ten minutes consumed in cleaning. 
Not only the quantity of the ash and clinkers, but their physical 
and chemical condition, affect this question. A huge mass of 
clinker drawn out at a red heat means a direct loss of a large 
quantity of heat which has been absorbed by this clinker, and can 
in no manner be returned to the furnace. Another source of loss 
is in the passage of a large quantity of cold air over the fire during 
the four to six minutes necessarily consumed in cleaning, with 
the fire-doors wide open. After this there is generally a period 
during which the thin fires are being re-ignited, when the temper- 
ature of the furnace is necessarily reduced and more air than 
required for combustion passes through this thin body of fire, 
causing a reduction of the furnace. temperature. The greater 
quantity of ash and soot formed by these bituminous coals, with 
an excess of volatile matter, will necessarily affect the condition 
of the heating surfaces more than the much smaller quantity 
resulting from the combustion of Cumberland or anthracite coal. 
In order to burn the combustible portion of this volatile matter a 
very high furnace temperature is necessary, and unavoidably the 
non-combustible portion must be raised to the same temperature. 
This again absorbs heat which might otherwise be made available 
in making steam. For these reasons a slow or moderate combus- 
tion of these coals is impracticable, and in some cases even 
impossible. We have to deal, therefore, with higher tempera- 
tures, resulting in greater losses by radiation through walls and 
fire-fronts, and by reason of higher stack temperature. All these 
causes combine to make it impossible to realize as high a percent- 
age of the fuel value of the coal as can be done by the same 
boiler with the same furnace and the same skill in handling 
from coals richer in fixed carbon; and I do not see how Mr. 
Dean’s substitution of the percentage of the calorific value in the 
combustible for the percentage of that in the whole coal will 
help the matter. There is another reason why the pound com- 
bustible is a bad element to introduce into a boiler test. Suppose 
the man handling a certain boiler finds during the first hour or 
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itself. It is only necessary to pull out a good quantity of half- 


burnt coal with the clinkers and thus the 


test. I have known cases where, in the test of two rival boilers 


. ue using the same coal from the same mine and the same carload, 


the percentage of ash in the one was considerably greater than 
i in the other. The result was that the one showed a better result 
é per pound of coal, the other a better result per pound of combus- 
_ tible. Which was the better boiler for the steam user, who buys 
 ¢oal with the ash in it, and which, therefore, should the conscien- 
tious engineer recommend? I believe with Professor Potter that 

a new and larger committee than the former one should be 
a instituted for revising the Code - Rules for Boiler Tests. _As 


then available, I believe they should be made members of this 


committee. To them should be added enough others to repre- 


sent all the great coal basins which supply our industrial demand. 
Such a committee should establish five or more standard coals, 
representing these different districts, and on these coals tests of 
boilers for important public works or large industries should be 
made. The public will be quick to see the advantage which a 


comparison of boilers under the actual conditions of the best 
Bos practice for each district would give ; and it would not be long 


before engineers could deduce fair approximate comparisons of 

the best performances on these different coals, applicable to all 
districts. 

Mr. C. V. Kerr.—This criticism by Mr. Dean is timely and 

- should result in revision of present methods of judging the per- 

- formance of boilers. To be of general service, boiler tests should 

be comparable, but they can scarcely be justly so under present 
practice. 

I would suggest that for“ combustible,” in the proposed formula 

for boiler efficiency, “ dry coal” should be substituted. when coal 

is the fuel: The usual oxygen calorimeters will give the heating 


ide ‘power directly in terms of dry coal, the amount of moisture pres- 


two that he is falling behind his guarantee. If his guarantee is. 
Me . based on the pound of actual coal, his only recourse is the utmost 
gare and skill during the remainder of the test; but if his 


i" —— be based on the pound combustible, there i is a large 
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ent being determined while preparing the sample for the calorim- 
eter. The weight of ash may be found either from the residue in 
the calorimeter or by proximate analysis. But the weight of 
combustible, as determined by the boiler test itself, would usually 
be smaller than that calculated from per cent. of ash thus found, 
on account of the formation of clinker in the boiler furnace. The 
resulting boiler efficiency will then be too high. On the other hand, 
it may be objected that the “ dry coal” basis will make the fireman 
a part of the plant and a factor in the efficiency. The effect cer- 
tainly will be to encourage firing to the best advantage. But 
really is not skill in securing complete combustion of fuel more 
desirable, both from ethical and commercial standpoints, than that 
which is chiefly concerned with picking unburnt coal from a mass 
of cinders and ashes? I should say that the best method of boiler 
testing will be that which takes no account of the weight of ashes 
formed, except as a matter of interest. 

Further, if we are to measure efficiency by the ratio of heat 
utilized to heat supplied, as it should be measured, why not meas- 
ure the horse-power, of the boiler in a similar way? The boiler 
horse-power now in use, 30 pounds of water per hour from 100 
degrees feed to 70 pounds gauge, is equivalent to 33,305 British 
thermal units, more or less, depending on the steam tables used 
in calculation. Then, suppose we take 33,000 British thermal 
units per hour as the measure of a boiler horse-power. We will 
then have, from any given boiler test, 


B= boiler horse-power. wiih tne 
“H = heat per pound of steam formed. 


C = weight of dry coal used. He 
U = heat units per poundof drycoal 


The value of B, thus found, would be slightly larger than by 
present rules, but, as engines are growing more economical of 
steam, the fact may, with propriety, be recognized in affirming 
the power of a given boiler. Under these formulas the engineer 
would need to determine (1) the heating power of fuel and the 
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weight used, and (2) the weight of steam formed and its quality. 
Other data might be of interest, but the above would suffice to 
fix the efficiency and power. 

Prof. Jas. E. Denton.—To be able to reduce the performance of 
a boiler with any one fuel to its equivalent in terms of some other, 
or some standard fuel, is unquestionably an important desideratum ; 
and, so far as Mr. Dean’s paper aims to project an inquiry as to 
the feasibility of establishing acceptable rules for this, I am 


eet heartily in favor of its ideas. 


_ The prevalence of the results of tests of performance in com- 

mercial transactions with boilers, and the fact that determinations 

of the heating power of fuels by the use of the oxygen calorimeter 

oe rapidly becoming a regular factor in boiler tests, makes it 

_—- probable that a review of the Boiler Committee’s rules in the 

: _ future will improve their usefulness. I do not think, how- 

ever, that the question of compensating for the difference in qual- 

- ity of all grades of coals can be exactly reduced to the simple 
formula which Mr. Dean calls “ efficiency.” 

If in a boiler furnace the percentage of ashes was the same 

as that obtained by analysis, or in an oxygen calorimeter, his 

| : ches would apply as proposed, but the actual ashes commonly 

__ largely exceeds this percentage by an amount representing the 

_ partially consumed coal, which may differ with the same fuel in 


: - guecessive tests. Unless, therefore, the heat obtained by analysis, 


oe or calorimeter, is discounted properly, to allow for the difference 


Wg ee between the practical ash and the analysis ash, respectively, the 


[2 


eo ve alue given by the formula in the paper is greater than the true 


efficiency. 
In order to arrive at practical rules on the subject, I believe 
RES we must adopt some standard fuels for different classes of prac- 
Be - tice, and determine by experiment the relation for these fuels 
5 a between the heat available by calorimeter or analysis and by use 

_ under boilers, respectively. Under this belief we are just putting 

_ into use at Hoboken the following apparatus : 

It consists of a vertical boiler (Fig. 276), in which we propose 
_ to obtain the calorific power of the coals by burning them in ‘the 
ae ~ ordinary way and at the various rates of combustion. In this 
boiler we have a grate which is mounted so that it, together with 
all the coal and ashes fed up to any time, can be weighed accu- 
ae ~ yately, and thereby the exact combustible for any interval deter- 
mined. 
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Uehling Pyrometer. 


f 


Fre. 276. 


We have the grate A mounted over an Se 
which receives the ashes or coal dropping through the grate. _ 
This cylinder joins into a box, the side view of which is D, and 
the plan of which is D’, connected with the pi 


< 


the amount of air passing through the grate we analyze it, and 
also measure it by means of an anemometer. 

ae The quality of the steam is determined by throttling the 
whole amount of steam generated by the boiler through the 
drum 0. 

ee To determine the temperature of the flue gases, we use a 
_ Uehling & Steinbart pyrometer, which gives very accurate re- 
sults for any temperature up to 2,000 degrees Fahrenheit. 

: Prof. D. 8. Jacobus.—It is recommended i in the paper that the 
efficiency of a boiler be made the basis of comparison. If this is 
4 done the exact method of calculating the efficiency should be 
eee ares specified, as there may be a considerable variation depending on 
ss the way the result is arrived at. 

: There may be a difference of opinion in regard to what allow- 
sy ance, if any, should be made for the moisture produced by the 
hydrogen in the coal and for the hydroscopic moisture in the 
coal. If the coal contains, say, five per cent. of hydrogen, we will 
_ have about 45 per cent. of moisture due to its presence escaping 


able. Now, the query is, Should we deduct the latent heat of 


the efficiency, or should we include it? If we include it we must 
use the calorific power which is given by the Mahler, or other, 
where such moisture in the products of combustion 
is condensed in the calorimeter or allowed for by calculation ; 
whereas, if we deduct it, the query is, How are we going to make 
the proper allowance ? 
It appears to me that the proper way to do would be to take 
the total heat of the coal, including all the heat which is latent in 
a ae _ the water vapor, and then deduct the heat which goes up the 
stack in the form of latent heat and in the form of specific heat, 
in both the hydroscopic moisture and that produced by the 
_ hydrogen, because if this is not done a coal of a given calorific 
_ power would be more favorable to the boiler if it contained very 
little hydrogen than it would if it contained a large amount of 
hydrogen. 
This question has already come up in practical tests, in which 
there was a guarantee of efficiency, and there was a difference of 
several thousands of dollars according to which way the efficiency 
was calculated. If the efficiency standard is recommended, there- 
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instructions should be given so that there could be no question 
‘aised in regard to the method of computation. 

The heating power obtained from a calorimeter which is perfect 
in its action would be more exact than that calculated from the 
analysis of the coal, because in calculating the heating power 
from the analysis the heat of combustion of some of the elements 
depends on the way in which they are combined in the coal. The 
only way to find out the heating power is, to make exact experi- 
ments with a calorimeter on the grades of coal in question, after 
which a formula might be made for calculating results from the 
analysis, which would agree with the experimental results. In 
commercial work it would be well to make an analysis, and check 
the ordinary calorimeter results by calculating the heating power 
by means of such a formula. An analysis of the coal is also 
necessary in determining the latent heat of the vapor in the prod- 
ucts of combustion. 

It would be unwise to change the standard of the boiler horse- 
power from 34} to 35, as is recommended in the paper, because 
there is now a number of tests in which the horse-power is 


calculated on the 344 basis, and if such a change were made it 


would produce a needless confusion. 

Furthermore, the efficiency per pound of coal, and not the 
efficiency per pound of combustible, should be used if we wish to 
obtain what might be called the commercial efficiency of a boiler ; 


for the reason that, if we calculate the efficiency per pound of ; 


coal, we bring in the efficiency, or -inefficiency, of the grate, and 


the efficiency of the grate is as much a factor from an economical — 


standpoint as the efficiency of the boiler itself. The efficiency per _ 


pound of combustible represents the efficiency of the boiler as an 


absorber of heat, if proper allowance is made for the difference ss 


in the calorific power of the combustible which is burned and 


that which falls through the grate—and does not include the ae . 


efficiency of the grate. 


Mr. Wm. H. Bryan.—I quite agree with Mr. Dean that the : < 


Society should establish certain standard coals—say, four or five 


well-known types—selecting the highest grade known ineach sec- 


tion of the country. 


We should also reach a more definite understanding as to the a 


moisture. I do not favor drying on the smoke flue, as that may wep 


drive off some of the characteristic moisture ; we want to get rid — 
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A fore, all such questions should be carefully weighed, and spec ae om “ee 
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of only the “ accidental” moisture, and that can be done by sim- 
ple air drying. 

It seems to me, also, that we should discontinue the use of the 
term “combustible,” which is now worse than misleading. Con- 
servative engineers have long since ceased to place any particular 
value upon resultsso stated. The Society should give its sanction 
to the statement of boiler performance in percentage of “ Effi- 
ciency,” which plan is now coming into such wide adoption. 
Here I must differ from Mr. Dean, as I should again discard the 
term “combustible,” and compare the heat usefully absorbed 
from one pound of coal with the heat value of a pound of the 
same coal. Let us abandon the term “ combustible” altogether. 
It is as misleading here as elsewhere. 

It must be remembered, however, that the term “efficiency ” 
does not tell the whole story, for the same boiler under identical 
conditions will vary in efficiency, depending upon the character of 
the coal used. As a rule, the efficiency will decrease with the 
amount of fixed carbon shown by the analysis. This, as already 
stated, makes it necessary to establish certain standard coals for 
different parts of the country. The computing of efficiency neces- 
sitates, of course, the determining of the heat value of the coal 
in every case. Personally, I prefer an experimental determina- 
tion by calorimeter, the coal -having been previously carefully 
sampled. I cannot agree with Mr. Barrus, however, that this 
should be done by the engineer on the ground. It is more strictly 
the work of a chemist, and can be done much better in the labor- 
atory. I see no reason why we should not place as much depend- 
ence on the work of a skilled chemist as we do on that of any 
assistant on the work. Samples should, of course, be well cared 
for, and delivered to the chemist with the least possible delay. 
bi on I am not ready to endorse Mr. Dean’s suggestion that the 
commercial horse-power unit be changed from 34} to 35 pounds 
water from and at 212 degrees per hour. The first-named figure 
has now become well established and generally accepted. If any 
change is made, let it be in the direction of a considerable lower- 
ing of the unit, in order to harmonize with the reduced water 


now coming into such general use. 


code and form of reporting boiler tests. So far as possible, the 
members of the Society’s committee of 1886 should serve, together 


rates now common among improved types of engines, which are 


Iam heartily i in favor of an immediate revision of the Society’s — 
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tia a . liberal sprinkling of engineers from other _ of the 
country. I take pleasure, therefore, in seconding Mr. Dean’s 
resolution. 

Prof. R. C. Carpenter.—The general proposition made by Mr. 
Dean, that a revision of the standard method of testing boilers is 
required, may, no doubt, be true. It is a fact, I think, that most 
testing engineers have, for some time, been in the habit of deter-. _ 
mining the efficiency of the boiler by methods similar to that sug- 
gested by Mr. Dean, except that the computation isto be madeby __ 
coal burned rather than combustible. At least this has been the 
_ practice with us, and I submit a form of blank for reporting tests, 


which we have used for some years, and which differs from the __ 


standard form principally in addition of blanks for efficiency. me 
In Mr. Dean’s remarks regarding the method of determining __ 


the fuel value of coal, he, in my opinion, attributes too much 


value to the analysis. It is quite true that the fuel value of a coal 
may be calculated very accirately if a complete chemical analy- 
sis, giving all the constituents of the volatile matter, is made ; but 
I think, on the other hand, that the ordinary approximate analy- | 
sis, Which simply shows the relative amounts of fixed carbon, of 
volatile matter, ash, and sulphur, is of no value for determinations re 
of this sort. The writer has given a paper, to be read later at the 


session, which gives a large number of proximate analysesof coals 


in such form as may be readily compared with the heating values. 
By a study of that table it will be seen that for the anthracite 
coals the heating value is nearly proportioned to the fixed carbon, _ 
but for the bituminous coals the writer can determine no relation — 

between the heat value and the elements, as determined by proxi- _ 


mate analysis. The reason for this is due entirely to the varying ae: 


composition of the volatile matter in various coals. This, in some 
cases, is largely hydrocarbon, and more valuable than fixed car- 
bon ; in others it containsa large amount of nitrogen and oxygen, 
and is of no value whatever for fuel purposes. on 
A complete chemical analysis, giving the composition of the — 
volatile matter, is a difficult and expensive one to make, and © 
almost outside the province of the engineer; for this reason the _ 


writer thinks a calorimetric determination will in every-case need 


to be made, although much information of value is to be obtained, 
in every case, from the proximate analysis. 
A determination of the composition of the escaping gas, pro- - 


vided the samples are well selected, will prove of very much value a 


rf 
ry 


INCY BOILER 989 
HE EFFICIENCY OF E 
\ 
a 
Sage 
5 
red 
” 
‘ 
3 
> 


_ in providing information regarding the operation of the furnace. 
and the work of the fireman. It affords, so far as the writer 


_ knows, the only means of judging the work of the fireman, in 
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REPORT OF BOILER TEST. RAIL 


Aly 
imensions. 
Grate surface, length. .....ft., width...... wd eg ft. 
Ratio heating to grate surface 
Ratio ai f + 
atio air space to grate surface............ 
aby 
Temperature. 
F. 
deg. F 
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- 
— such a manner that it can be compared with a definite or num 
stand 
Kind of boiler Manufactured by.... 


a 


Dry coal, Ibs. 
Dry coal, per square foot of grate.... : 
Combustible, per square foot of grate....... 


Total evaporated, dry Ibs, 


Factor of evaporation......... 
Total from and at 212 degrees... Ibs. 

Water, per Hour. 
Evaporated, dry steam............ Ibs. 


Evaporated from and at 212 degrees. Ibs, 
Ewaporation. 6 


Equivalent from and at 212 degrees, per pound of fuel. es aoe Ibs. 


Actual, per pound of Ibs. 
Equivalent from and at 212 degrees, per pound of com. 


Actual, per square foot heating surface per hour.........— valet Ibs. 
Equivalent from and at 212degrees, per square foot heat- = 


ing surface per hour........ Ibs. 
Evaporation, per hour. ts 


Actual, from feed-water temperature, per square foot of mi 


_ _ Equivalent from and at 212 degrees, per square foot an ry 
Actual, per square foot of water heating surface......... By pei Ibs. 

Equivalent from and at 212 degrees, per square foot of 7 
water heating surface. ........ Ibs. 
_ Actual, per square foot of least draught area............. Ibs. 

_ Equivalent from and at 212 degrees, per square foot of = — 


NorE.—Actual evaporation signifies the evaporation from feed-water temper- 
ature to dry steam at gauge pressure. It is apparent evaporation corrected for 
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Horse-power. 

: a * On basis 344 pounds equivalent evaporation, per hour... 

0 Ratio of commercial to builders’ rating................+.. 

Si Efficiency of boiler............... sper cent. 


: I need only refer to one thing. further, and that is to say in 
regard to the change of the standard form of reports that it 
seems to me the remarks made by Mr. Dean are very good, but 
I think it would be a great mistake to change our standard of 
boiler horse-power, because it has become so very well fixed and 
been so universally adopted. The addition of certain results 
which would show the efficiency of the boiler is, it seems to me, 
a very desirable thing, and is now often practised. 
Mr. George I. Rockwood.—The figure of chief interest in the 
report of a boiler test used to be the ratio of water evaporated to 
goal burned. Later it was seen that serious injustice might be 
occasioned if comparisons of the economy of different boilers, 
- Jocated in different sections of the country, were made on such a 
simple basis by reason of the variable quantity of ash and moisture 
which different coals contain; and the committee of the Society 
has advised consequently that in all boiler tests which were re- 
ported to the Society the ratio of evaporation to combustible 
burned should be given, in order that proper comparative values 
of different boilers might be made. Since the committee’s rules 
_-were presented to the Society, so much light has been thrown, as a 
result, on the subject of comparative values of different elements 
in the complete boiler that it is now realized that the evapora- 
tion per pound of combustible is a very difficult matter to de- 


%, 


termine correctly, complicated as it is by questions as to the 
. . 
amount of moisture, ash, oxygen, efficiency of furnace, etc., and 


_ Mr. Dean’s paper is timely in concentrating attention on the 
deficiencies of the rules. 

At the same time, all this seems to me to but emphasize the 
futility, instead of the advisability, of including in a written con- 
tract a guarantee of “ efficiency ” as defined by Mr. Dean, or a 
clause stating that the committee’s rules are to be followed: by 
purchasers in determining the efficiency. 
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Reports to this Society on the performance of boilers are one 
thing and have one purpose—namely, the instruction of its 
members in the science of boiler construction and operation— 
while a report to a works manager is quite a different thing, 
having for its object simply to inform the manager as to whether 
a contract has been performed or not, or, at most, to inform him as 
to which class of fuel is the least expensive for him to buy. He 
buys fuel, not heat. Fuel can be weighed, but heat can only be 
measured correctly by means of the most delicate and complicated 
laboratory experiments, even if, by good luck, a sample of the 
coal be secured for laboratory treatment which fairly represents 
the coal which was burned during the tests. 

I am not suggesting that Mr. Dean’s definition of “ efficiency ” 
is inaccurate or, in its conception, unfair to the purchaser or seller 
of boilers; but the point I would urge is that in most contract 
tests the difficulty of attaining reasonable accuracy in determining 
the heat efficiency of a boiler or a furnace is insuperable, and 
hence the practice of trying to find it may lead to quackery and 
the spread of misinformation. Therefore, the thing for this 
Society’s committee to do, it seems to me, in view of the meaning- 
lessness of the ratio per pound of combustible, is to advise, for 
general contract tests, a return to the original simplicity of weigh- 
ing the water and the coal—and the moisture in the steam, if 
you can { 

Let the Society recognize that contract tests must be based, not 
on ideal intellectual condition and methods, but on the practical 
limitations surrounding the average boiler test. A reform in 
this matter would indeed be worked if guarantees were to be 
based on the evaporative effect of a pound of that particular kind 
of fuel which the purchaser has got to use, for the use of which 
the furnace is designed, and which the seller has the right and the 
duty to examine before a contract is drawn. 

Mr. Robert W. Hunt—Mr. Dean has called attention to 
several points which are most important, and which clearly need 
remedying. It seems as if a boiler could be guaranteed to give 
any desired efficiency, and if not obtained on the test a com- 
promise will be made and the test suppressed ; but the fact that 
the guarantee was made is used for advertising purposes, much to 
the discomfiture of the more honorable boiler-maker. 

During the past three years Robert W. Hunt & Co. have 
been called upon to make a great many boiler tests, especially to 


“ag 

y 

a 
a 

| 

pe 

3 


_ THE EFFICIENCY OF BOILERS. 


ent setting, fulfilled the guarantee under which it was attached 


by us, and a comparison of the results gives us data which are very 
interesting. 

It is true that our tests have not had as fine a theoretical polish 
as some, but accuracy has been observed to the highest degree, 
and we have tried to make them under as nearly ordinary work- 
ing conditions as possible. Of what use is a boiler to a manufac- 
turer, if it can develop 75 per cent. efficiency from combustible, 
when he runs it in such a way as to obtain only 50 per cent.? He 
cannot buy combustible, but has to pay for coal, ash, moisture, and 
sulphur. 

The theoretical “ combustible ” as obtained from the analysis 
is of no value to him when his grates will allow 20 per cent. of 
the fuel to pass through. This would give a high evaporation 
per pound of combustible, but the cost of making steam would not 


dangerous one. 


valuable to the student and designer, but the owner’s question, 


steam for the least money ?” 

As Mr. Dean states, on many noted boiler trials it will be 
found that the very best picked coal was used. Allowing an 
evaporation of 12 pounds from and at 212 degrees, and that the 
coal costs $4.00 per ton, or $4.80 per ton delivered and placed 
under the boiler, the cost of evaporating 1,000 pounds of water 
from and at 212 degrees is 20 cents, and an efficiency of probably 
about 75 per cent. has been obtained. In another case, within a 
few miles of the former, Illinois slack is delivered under the boilers 
at $1.40 per ton, and with a horizontal tubular boiler equipped 
with a down-draft furnace an evaporation of 8.5 pounds of water 
from and at 212 degrees is a regular occurrence. This gives a cost 
of evaporating 1,000 pounds of water from and at 212 degrees of 
.08;%; cents. The cost of generating steam is low, so also is the 
efficiency ; but the owner prefers to have his coal bills reduced 
even if efficiency does suffer. 


I agree most heartily with Mr. Dean that a committee of this 


; 


be lowered. Combustible is an extremely elastic term and a 


The real and fundamental object of all boilers, leaving out safety 
and adaptability for particular use, is to generate steam as 
cheaply as possible. All other observations and readings are — 


determine whether or not some patent smokeless furnace, or pat- 


to the boilers. Nearly all the prominent devices have been tested bee 


and one which we hear almost daily, is, “How can I generate my _ 
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I trust, if such committee is appointed, that they will outline 
an alternative method for starting and stopping tests. Our 
experience has been that much more accurate results can be 
obtained by a running start than by pulling all the fire. When 
the fire is pulled, the brick work and boiler itself are cooled very 
considerably, and the heat first generated is, of course, used to 
make up this loss. At the end of a test the coal must all be con- 
sumed, or we must rely on the engineer to separate the coal and 
the ash. In the former case we have seen a test run for half an 
hour after coal was consumed, and mostly from the heated brick 
work, the engineer closing up all dampers and allowing no one 
to open the doors. This was clearly wrong. In the latter case 
the dumpings must be wet to distinguish coal from refuse. There 
are ways and methods for conducting a boiler test which reduce to 
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much as possible, any intentional fraud. 

The results of a test should be so worded that an owner can 
understand them and appreciate fully of what vital importance it 
is to his interests to have tests made frequently and with different 
grades of fuel ; always with the view of generating steam for the 
least money, and not merely seeking to obtain the highest effi- 
ciency. 

Mr. Jos. C. Platt.—I want to thoroughly endorse Mr. Dean’s 
recommendation, because I believe that we have had so many 
tests made which do not get at the true facts which the generators 
of steam want. I cannot agree with Mr. Rockwood and with my 
friend Captain Hunt altogether, because I think if a manufacturer, 
a man who is generating steam, knows that he can get a high 
efficiency out of any fuel, he can apply that knowledge to the fuel 
he uses afterwards. 

I heard last Friday of a boiler in which the evaporation was 
said to be over 13 pounds and the efficiency over 91, but I do not 
take a great deal of stock in that for regularrunning. I know of 
a contract which is now pending in which the efficiency required 
is 72 per cent. One of the best-known boiler-makers in the 
country said to me that he had serious doubts as to any boiler 
holding up to 72 per cent. for any great length-of time. I heard 
this week of a boiler test in which for the first six hours there 
was from 600 to 650 pounds of coal used per hour; the last 
eighteen hours of the test there was about 850 pounds of coal 


a minimum any chance of error by the honest engineer and, as ° 


Society should be appointed to revise the rules for boiler tests, and 
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used per hour. The work of the engine was quite uniform. _ 


Now, I submit to any man whether the first six or the last eigh- 
teen hours were, either one of them, a fair running test of that 
boiler. Take, by contrast, a reported test of factory engines in 
Belfast. They ran a three-hour test. The steam consumption was 
remarkably low. By contrast with that think of the Louisville 
test of the pumping engine, one hundred and forty-four hours and 
ten minutes, and of a week’s test now going on in this city. An 
evaporative test was made last year at a place where I recom- 
mended a change in fuel. For twenty-four hours this test was 
continued, running a small pumping engine, and, after the evapo- 
rative test was over, the coal in the fire ran that engine for five 
hours. I would like to know what duty they got from that 
engine in those last five hours; was it not something like infinity ? 
I say this to emphasize one thought—that the committee ought — 
to specify the time these tests ought to run. A test for three 
hours is not a fair thing. Perhaps one hundred and forty-four 
hours is longer than is necessary. Making a boiler test for 
twenty-four hours I do not think is fair either. I know of boilers 
which will run admirably for twenty-four hours, but I do not think 
they would run particularly well on the last day of the week 
compared with the first. I think whatever committee we appoint 


—and I endorse the suggestion that the other committee ought to ; i 


be reappointed as far as possible—ought to fix a reasonably long 
time for this sort of tests. 

Prof. W. B. Potter.—Mr. Dean has done well in calling atten- 
tion to the imperfections in the American Society of Mechanical 
Engineers’ Standard Code of reporting boiler trials and in asking 
for a revision of the same. This code has been especially valua- 
ble in leading engineers to adopt a more uniform and complete 
method of testing boilers and reporting the results, and in this — 
way hasdone admirable service. It is, however, at this date, crude 
and imperfect in some particulars, and not only leaves room for too 


great a variation in application, but has evidently been the means _ ‘9 


of misleading many and of developing erroneous ideas concerning 
matters of fundamental importance. Mr. Dean has called atten- 
tion to some of these, but I cannot agree with his conclusions con- 
cerning them, and, having been asked to express my views, | 
venture upon a few remarks upon some of the points presented 
in his paper. 

Mr. Dean says very truly: “ Results may be vitiated for com- 
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parison by drying samples of coal for moisture allowance, differ- 
ent lengths of time.” His recommendation in order to do away 
with this difficulty is, however, one which I trust will not be 
adopted. It is not only quite inadequate, but is misleading in 
that it introduces new complications. 

Coal, especially bituminous coal, such as is generally used under 
boilers, has two classes of moisture: First, what might be called 
characteristic moisture, which is practically constant for the same 
coal in its air-dried condition. In some coals this is not over 
one per cent. ; others have as high as six or eight per cent., while 
coals of more lignitic type, such as are common in the far West, 
have ten, fifteen, and even eighteen or twenty per cent. No mat- 
ter how long the coal is subjected to air-drying, each coal re- 
tains its characteristic moisture to a practically constant degree. 
Second, there is, in addition to this, the moisture that the coal 
receives from exposure to rain, snow, mine water, or from the 
hose used to wet down the coal in order to keep down the dust 
when the coal is thrown into the boiler-room. This moisture may 
be called accidental moisture, and is as variable in amount as 
the characteristic moisture is constant. If we were to follow Mr. 
Dean’s recommendation of drying “a _ well-selected sample, 
weighing six or eight pounds, six hours in a clean pan placed on 
the boiler flue,” what are likely to be the results as regards these 
classes of moisture and other components of the coal? In the 
first place, what is the temperature of the boiler-flue on which the — 
sample is to be placed? It may be 350 degrees Fahr., or it may 
be 750 degrees or even more at times, while 500 to 600 degrees 
will probably prevail much of the time. Whatever the condition 
of the sample, whether broken fine or in lumps, the coal will cer- 
tainly lose all of the accidental moisture in the six hours’ exposure 
on the f? », and most, if not all, of its characteristic moisture would 
still be retained, while in the case of the fine coal, which would be _ 
more exposed to the high temperature, a notable portion of the 
volatile matter would be driven off. But after this so-called dry- | 

ng, what does the sample of coal represent? It surely does not | 
represent the coal actually used for firing the boiler during the © 
test, nor does it represent any normal or characteristic condition — 
of the coal. 

If it is really desirable to dry a sample of the coal in order to 
determine its total moisture, why not perform the operation in~ 
such a way as to obtain an approximately reliable result? For 
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instance, caine first weighing the coal, crush, pass through a No. 


10 screen, and expose in portable air-chamber with thermometer, 
to guide in the control of temperature, which latter should not be 
over 220 degrees Fahr. Even with this care the determination 
of moisture allowance could only be approximately correct, for it 
is obvious that the comparatively small sample, however taken, 
would be much exposed to air-drying and lose a notable, but 
undetermined, quantity of its acezdental moisture by the time the 
sample was secured and made ready for the first weighing. The 
coal actually used under the boiler, on the other hand, is shovelled 
directly into the fire from the large pile where there is little 
chance for any air-drying. It must be evident, therefore, that 
even with the best intentions and most careful method of deter- 
mining the total moisture in the coal it is impossible to get more 
than a rough approximation to it. But, after all, what value does 
it really have when obtained? It is only used for correcting the 
weight of coal employed in the test to dry weights, and no attempt 
is made to correct for the heat absorbed in vaporizing this water 
which has been shovelled into the fireplace with the coal. The whole 
thing is illogical and useless, and, worse than this, it is misleading. 
The practice that I have long followed is to employ air-dried coal 
for the test—that is, coal freed from its accidental moisture, but 
leaving its characteristic moisture unimpaired. With a little care 
this is easily arranged, and all such useless and misleading correc- 
tions so called, as referred to above, are done away with. The 
sample of coal analyzed and tested by calorimeter fairly repre- 
sents the coal that has been used under the boiler, and data are 
obtained, so far as the coal is concerned, by which fair compari- 
sons can be made. 
would require that air-dried coal be used for the boiler test, 
instead of corrections for dry coal, the case would be simplified, 
and more reliable results would be obtained in the way of data of 
boiler tests. 

This leads me to make another suggestion in reference to the 
coal for boiler tests. Certain coals should be selected in the 
various districts and named as standard coals to be used in those 
districts for all tests where the merits of the boiler are to be 
determined. It is not necessary, nor would it be practicable, to 
have the standard coals of similar characteristics or equal calorific 
value. It would only be necessary to select a coal for each 


district that was of reasonably good quality, provided it showed a 
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If, then, in revising the code, the committee 
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but little variation in quality. With such a series of standard — 
coals, results of boiler tests could be more readily compared — ee s si! 
within each district, and data could soon be obtained by which = 
results of tests in one district could safely be compared with those — 
in other districts. 
It is curious to see what a prejudice remains in the minds of — 
engineers in favor of that ancient fraud,the pound of combustible. = 
Mr. Dean in his paper urges that the efficiency of boilers be 
based on the combustible, in order to secure a more reliable 
estimate and comparison of the merits of boilers. There is — 
nothing to indicate that his idea of combustible differs from that 
of other engineers who are apparently so wedded to it ; namely, 
the weight of any coal after deducting the weight of ash. Asa 
matter of fact, this is by no means all combustible, nor does it 
indicate with any degree of accuracy the true amount of com- 
bustible. All coals, especially of the bituminous class, contain 
considerable oxygen, which varies greatly in amount in different 
coals. In the decomposition of the coal when heated, this . 
oxygen takes one-eighth of its weight of the hydrogen and 
together they go off as water (called combined water), heat being = 
absorbed in its vaporization. The pound of combustible takesno 
account of this, except that it fraudulently assumes it asa part of = 
itself. Besides this there is much that is misleading in the use of __ 
data referring to the pound of combustible. It is difficult to see 
how accuracy, convenience, or any useful purpose can be pro-— Sed 
moted by the use of such a misleading factor, and it is greatly to — i 
be hoped that revision of the code will result in the final and — 
effectual removal of the pound of combustible. ay 
Mr. D. L. Barnes.—\ am familiar with a large number of tests” me: 
which have been made within a year, at a certain railroad head- — a 
quarters, with coal fuels, and this particular railroad has estab- ae F 
lished the fact beyond dispute, so far as that road is concerned, os sel 
that there is absolutely no certain connection between a chemical — i 
or a combustion calorimeter test of a fuel and its practical oper- 
ation if the fuel is impure. The mechanical properties of fuel ees a 
must be considered ; and whatever this committee does, if it is a 
practical thing so that it may be useful not only to the ange 
but to the builder of boilers, it must take into consideration that 
there is something besides the gross combustible per ton to be 
considered. Most railroads in the West use a great variety of Sr ies 
fuels—not uniform fuel as is generally found on Eastern roads. 
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per cent. of moisture. Now, the presence of this great amount of 
foreign matter renders it impossible to get always practical meas- 
ures of the quality from a chemical analysis or a combustion 
calorimeter. I want to endorse all that Professor Jacobus and 

_ Professor Denton have said, and I hope that the committee will 
give us a standard way of testing fuels that have peculiar 
properties. 

Mr. Gustavus C. Henning.—It seems to me that the reappoint- 
ment of this committee or the appointment of a new committee 
is a very timely suggestion; and in order to cover the ground 
“i more thoroughly this committee could also include the use of 
a - gases and liquid fuel in their consideration, and in their recom- 
| mendation of a standard form make it so that that can be covered, 
which is not now the case ; it will not occasion much difficulty to 
change it to suit conditions of different fuels. 

Mr. William Kent.—1 believe that I am the only member of 
the original committee present. Mr. Hoadley died some years 
ago, and Professor Thurston, Mr. Emery, and Mr. Porter, the 
other members of the committee, are not present. It seems to be 
the unanimous feeling that the work done by that committee ten 
years ago should be revised, and I, as a member of that committee, 
offer no objection to the proposed revision. Probably most of 
the men who have discussed this report have little idea of the 
labor undertaken by that committee ten years ago, and what a 
difficult time we had to reach any agreement. Some of the 
suggestions made in Mr. Dean’s paper commending that report 
are the same suggestions I myself made before the report was — 
adopted. I think if you appoint a committee now it would be a 
still harder job. At that time there were not so many technical 
experts in testing boilers, and we had to take the opinions of 
about 30 or 40 experts. I think now we would have 300 or 
400 different opinions, and I think it would be a difficult matter 
to bring them together. But I agree with the gentlemen who 
have spoken, that ten years having elapsed there should be a 
revision of the report, and I make no objection whatever to the 
suggestion of Mr. Dean as to having the report reconsidered. 

Mr. J. F.. Holloway.—I think it is the province of any committee 
which the Society may originate to obtain the facts relevant to 
subjects that may be given to them for investigation. It is the 
province of the Society, having obtained those facts, to decide 
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weit to adopt what is reported or not. The resolution should 
not indicate that the committee be authorized to change the 
standard. I think that ought not to be done. 

Mr. FE. D. Meier—I would like, if the mover would accept 
it, to make the number of the committee nine. I believe there 
are four members of the continued committee, and if we make 
the number nine it would give an opportunity to put in five more 
members representing the different districts of the country. 

Mr, A. A. Hunting.—I would offer as a suggestion : Instead of 
pounds of water evaporated per pound of coal consumed, reah 


pounds of water evaporated per # number of heat units, the ate 
number of heat units to be determined by calorimeter test of a 
pound of coal which may be selected as a standard. Then by 
calorimeter all coal can be tested, using the « number of heat i a 
units as a value of any coal for the purpose of generating steam. Bee 


Then the consumer can ask for a guarantee that coal shall con- 
tain # number of heat units for one dollar, that the boiler shall — 
evaporate y number pounds of water per 2 number of heat units, 
and thus place a definite value on both coal and boiler as far as 
they relate to evaporation. 

The President.—The question has been called for. Mr. Hen- 
ning, will you present the amended motion ? 

Mr. Henning.—lt is, “ Resolved, That the Council of the Ameri- 
can Society of Mechanical Engineers be requested to appoint a 
committee of nine members of the Society to consider the standard 
method (of 1886) for conducting steam-boiler trials, reported to 
the Society by a committee at that time ; and if in the judgment 
of that committee a revision of that standard would be desirable, 
that such committee report its recommendations to the Society.” 
The resolution was adopted. 

[The Council subsequently appointed as such committee, Messrs. 


Barrus, Coon, Dean, Emery, Hunt, Kent, Porter, Potter, and 
Thurston.—Secretary. | 
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FORCE REQUIRED AND WORK PERFORMED IN DRIV- 
ING AND PULLING CUT AND WIRE NAILS. 


(Member of the Society.) 


THE following series of experiments shows not only the force 
required to drive and start the nails, but also the relative work 
in each case. Some other properties are also brought out, which 
it seems to the writer are of importance, but which do not seem 
to have been generally considered in other tests. 

To obtain some figures which would give not only the max- 
imum force, but also the work required both for driving and 
pulling various nails, the writer had the following experiments 
conducted in the laboratory of Sibley College.t Nails of various 
kinds were forced into a piece of southern pine, which was as 
nearly homogeneous as was possible to obtain, by one of the 
heads of a testing machine, and the amount required at the end 
of each one-quarter inch of penetration was noted. The nails 
were driven within about one-quarter inch of their full length 
in each case. 

In pulling, they were drawn out by a species of forceps 
attached to the testing machine, the force required being noted _ 
at each one-quarter inch. Diagrams were then drawn, corre- 
sponding to the force exerted and the depth of penetration, 
the integration of these diagrams giving the total work either 
for driving or for drawing. (Figs. 277-281.) Experiments were 
made on ten nails of each kind, and the averages taken to repre- 
sent the work of any particular class. 

The general summary of the experiments is given in the fol- 
lowing table, from which it will be noted : First, that very much 
more force is required to drive a cut nail a given distance than 


* Presented at the Detroit meeting (June, 1895) of the American Society of mes 
Mechanica] Engineers, and forming part of Volume XVI. of the 7ransactions. : “ 

+ The experiments were made by W, E. Barnes and R. 0. Stillwell, to whom a 
I am indebted for much help in reducing the results, erat 53 : 
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a wire nail. Second, that more force is required to start a cut 
nail generally than to drive it, and that it invariably starts much 
harder than a wire nail. Third, the work in inch-pounds per 
nail required in driving cut nails is much more than that in 
driving wire nails. Fourth, the work in inch-pounds in pulling 
cut nails is about equal, sometimes less and sometimes greater, 
per nail, than that for pulling wire nails. Fifth, the maximum 
force per pound in driving or starting wire nails is more nearly 
equal to that of the cut nails than when estimated on the basis 
of that of a single nail, but it is still less. Sixth, the work, in 
foot-pounds, per pound of wire nails, required for driving is less 
than that required for the cut nail, and that for pulling is con- 
siderably more. Seventh, the relative efficiency, which is here 
considered as the ratio of the work of pulling to that of driving, 
is much higher for the wire nail than for the cut nail. 

In making experiments it was noticed that the cut nail bruised 
and broke the fibres of the wood, principally at the end of the 
nail, whereas the wire nail simply crowded them apart, and 
probably did not move them much beyond the point from which 
they would return by elastic force, and hence the nail would be 
grasped much stronger per unit of area of surface by the wood. 
Presenting less surface, there would be, however, less resistance 
to starting. 

To see what the effect of change of form would be, a number 
of tenpenny cut nails were sharpened on the point by grinding 

to an angle of about thirty degrees, so that the fibres in advance 
_ of the nail would be thrust aside, and not bruised and broken. 
This served to increase the holding power, as will be seen by the 
experiment, over the cut nail of ordinary shape, about fifty 
per cent. in starting and per cent. in work 
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SUMMARY OF EXPERIMENTS IN DRIVING AND PULLING NAILS IN SOUTHERN 
PINE Woop. 


| MAXIMUM 
WEIGHT RE- 
WORK PER NAIL| QUIRED PER 
|IN INCH-POUNDS.| POUND OF 
NAILS, IN 
TONS. 


WORK IN 
FOOT-POUNDS 
REQUIRED 
PER POUND 
OF NAILS. 


pound. 


Number to one 
tion, inches. 


To To 
drive. drive. 


Maximum load to 


Depth of penetra- 
Max. load to start 
in pulling, pounds. 
Relative efficiency. 


Kind of nail. 


| 
| 


Out... 
(Sharpen‘d) 
Cut 


| No. of nail. 


o 


The good result produced in sharpening the end is shown by 
some experiments made some years ago in the Sibley labor- 
atories on the holding power of ordinary railroad spikes, as com- 
pared with a Walcott spike, which differed from the ordinary 
railroad spike in having a sharp end and also in having two 
longitudinal grooves stamped into one side. 


Eve Git RESISTANCE TO PULLING WHEN DRIVEN FIVE INCHES IN DEPTH. a 


In WHITE Oax.| In HEMLOCK. 


6,160 
5,500 
5,330 

Walcott Spike No. 1 7,120 
Average 7,005 
Excess required for Walcott Spike, pounds —— 
0 


DIMENSIONS OF SPIKES. | Walcott. Standard. 
Periphery,* inches 2.389 2.41 
Length, inches 6.00 | 5.57 


*In measuring the periphery of the Walcott spike the two longitudinal 
grooves are included. 


The following tables give the results in detail of the experi- 
ments referred to as made by Barnes and Stillwell: | Se 


| 

a Cut......../ | 819.6 | 920.8 | 1,522.85 
Wire......| | 376 318 864.6 
Cut... 70| 8 341.6 | 356.8 | 585.25 
Wire 105 | 3 232.4 | 213.6 | 485.65 
8 | 483 | 518 | 699.75 

gs | | 328.4 | 419.1 
Te......| 182 2¢ | 198.8] 167.2| 278.6 
Cut........| 168 | | |. 155.6 | 2974/3 
|Wire......| 252 | 1} | 134.6 | 87.6 | 165.2 

4 
i 
| 

8,200 
3,210 
3,205 
3700 
8,830 
625 
| = 
| ‘ 
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REQUIRED, IN PounpDs, TO DrivE 20-Penny Cur NaIlts FOR EACH 
QuaRTER IncH OF LENGTH. 


Depts IN INCHES. 


| 4-1 | 14-15 13-2 | 2-23 | 23-2} 


270 


BSELSESESE 


| CODD | 


58.6 | 173. 238.6) 259.4 202.8 328. 2 496.4 


- WEIGHT REQUIRED, IN PouNDs, TO PULL 20-PENNY Cur NAILs EACH QUARTER 
IncH IN DEPTH. 


Depts 1n INCHES. 


| 


| 


coococoooo | 


| 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


o 


| 


92 


* Mean force for each quarter inch : 
6.0| 11.61 19.9| 29.7| 45.1] 88.2] 109 | 150 | 201 | 254 | 355 
Inch-pounds of work required : 
1.5{ 2.9] 5.0] 7.4] 11.8] 20.8| 27.2] 37.5| 50.2] 64.5] 88.7 
Total work in inch- onuaie by diagram, 477.6. 


REQUIRED FOR EACH ONE-QUARTER INcH IN DEPTH TO DRIVE 20-PENNY 
Wire Natts. 


DeptH IN INCHEs. 


14-1} 1-2 | 2-2} 


| 


| 
| 


© 


E 
g | 


S| | 


o 


| 
. 140 | 260 | 260 | 260 mm = §€6300 || 828 | 380 | 420 | 488 | 540 | 620 | 620 
a 188 | 288 | 202 | 296 | 296 | 360 | 500 | 512 | 628 | G9z | 708 | 744 | B72 
i? 164 | 200 | 260 | 360 | 368 | 368 | 440 | 516 | 572 | 620 | 688 | 752 | 800 
4 180 | 240 | 272 | 304 | 344 | 372 | 430 | 504 | 560 | 650 | 696 | 748 | 796 x 
en 182 | 232 | 278 | 324 | 354 | 396 | 448 | 524 | 588 | 642 | 704 | 764 | 824 - 
-" 160 | 224 | 264 | 312 | B24 | 382 | 466 | 508, | 608 | 682 | 692 | 752 | B12 
= 172 | 286 | 296 | 300 | 312 | 372 | 424 | 496 | 592 | 664 | 684 | 724 | 784 
a 162 | 264 | 262 202 | 340 | 388 | 404 | 520 | 564 | 688 | 700 | 716 | 764 
108 200 | 908 290 392 | 416 584 692 712 724. 792 
< 82 42 524 | 624 | 692 | 712 | 892 a 
. 
# 
nisiulele 
| 200 | 248 | | | 
88 | 124 | 180 | 308 |1,000 
108 | 152 | 224 | 272 | ‘984 
a 116 | 180 | 282 | 296 | 888 “3 
- a 5 | 124 | 164 | 256 | 272 | 956 oe 
» 6 142 | 184 | 216 | 300 | 908 ame: 
= 132 | 172 | 204 | 292 | 896 ee, 
124 | 176 | 196 | 228 | 832 
=. 184 | 192 | 2382 | 296 | 896 es 
124 | 182 | 216 | 272 |1,024 
. 
|} 0] 0] 0] 
o4 | a4] at | | 1-13 21-24 
a 1 | 132 | 160 | 172 160 | 196 | 212 | 230 | 282 | 280 206 a 
| 100 | 186 | 180 | 172 | 180 | 200 | 224 | 240 | 264 | 300 aS 
“a 3 | 88. | 136 | 168 | 184 | 196 | 208 | 232 | 264 | 296 | 308 . ae 
as 4 | 96 | 144 | 162 | 192 | 196 | 216 | 232 | 272 | 284 | 304 i; rae 
| | 132 | 152 | 184 | 198 | 208 | 232 | 264 | 202 | 308 
| 112 | 164 | 196 | 200 | 204 | 216 | 252 | 300 | 304 
1792 | 104 | 152 | 182 | 192 | 200 | 224 | 248 | 296 | 316 
8 | 80 | 100 | 166 | 188 | 192 | 192 | 230 | 240 | 256 | 304 = 
«9 | 104 | 124 | 144 | 192 | 208 | 212 | 228 | 336 | 256 | 324 a 
| 116 | 140 | 184 | 224 | 232 | 242 | 262 | 284 | 316 
94.4) 126.4] 158 | 185.4) 197.6) 208.4) 229 | 263 | 280.8) 508 


IN PounDs REQUIRED IN PULLING 20-PENNY WIRE NAaIrzs. 


IN INCHES. 


2 


| 


| 
| 
| | 


2| | 


29.2 


120.8) 137.4 


* Mean force for each one-quarter inch : 
0|0 | 7.7] 18.1] 28.0| 89.3] 58 | 72.9| 88.0 |108.8 | 129.1] 152.4 | 186.1|213.5|260.1 
Inch-pounds of force required : 
} O | 1.92] 8.8] 5.7] 9.8]14.5] 18.2] 22.0] 27.2| 32.8] 38.1] 46.5] 58.4| 66.3 
Total work in inch-pounds from diagram, 472.8. 
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FORCE IN PouNDS REQUIRED IN Drivine 10-PENNY CuT 


Deptu in INCHES. 


> 


| 


| 


| 


83605 
| 
| 
| 1 un | 2 2h 3 
148 | 184 | 184 | 184 | 192 | 282 | 260 2 a 
144 148 148 168 192 220 240 340 
140 140 156 144 168 212 244 344 aoa 
148 | 152 | 120 | 128 | 144 |. 168 | 208 | Ee 
| 140 140 160 220 240 240 240 | 280 tre aie 
120 | 100 124 148 | 220 272 308 392 Se 
| 108 | 182 | 144 | 168 | 200 | 228 | 246 “aE Sie (7) an 
| 108 124 160 184 212 248 292 868 .. 2 
376 
129.6) 143.6) 154.6) 173.2 228 | 
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FORCE IN Pounps REQUIRED IN PULLING 10-PENNY CUT NAILS. 


In INCHEs. 
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FoRCE IN PouNDs REQUIRED IN DRIVING 10-PENNY 


Depts IN INCHEs. 
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FoRCE IN PounpDs REQUIRED IN PULLING 10-PENNY NAILs. 


in INCHEs. 


Daas 


Om 
a DH 


| 
SEESASSSER 


g| 


¢ | | 1 | | 1} | | 2 | 24 | 2 
1 | 0 120 180 324 
8 | 0 68 164 320 
6 | 0 100 212 400 
7 | 0 116 | 224 448 
8 0 148° | 192 480 
9 | 0 120 | 190 | 420 
Ss 10 | 0 112 | 152 | 300 # 
_ 
Wien Mara. 
t + | | 2 | | | | 8 
| | | 
ee ae 82 | 160 | 168 | 188 | 200 | 208 | 228 | 240 | 288 | 30 © 
ze a 2 84 | 92 | 112 | 1298 | 152 | 164 | 188 192 | 20 | 200 8 © 
“See 3 04 | 108 | 128 | 128 | 186 | 184 | 152 160 | 1890 | 188 ~~ 
4 84 | 80 | 96 | 120 | 136 148 | 160 168 | 184 |. 200 - 
| 228 | 240 
eo 7 92 | 116 | 120 | 120 | 144 156 168 188 | 220 | 224 
a 8 96 | 108 | 124 144 160 164 176 184 208 ow —_?. 
a 9 92 | 120 | 1298 | 152 172 | 184 | 216 | 220 | 240 | 260 ad 
a. lf 08 | 128 | 130 | 156 | 172 | 188 | 200 | 216 | 232 | 92 © 
96.8, 114 | .125.4| 140.8] 157.6| 168.8| 188.2| 195.6| 218.8| 2324 
\ | | | | 
2 | + | | 1 | 14 | | | 2 2} 23 | 23 3 
120 140 | 168 | 188 | 320 
eS 76 88 80 92 140 
ae 60 84 92 92 120 
76 84 92 | 
16 84 97 120 | 1600 
88 | 116 | 186 | 180 | 336 
a 9% | 120 | 1392 | 148 | 180 
aa 80 | 108 112 | 140 | 160 
ae eit 100 | 120 | 140 | 190 | 300 
re i 100 | 140 | 236 | 200 | 296 
| 8| 65.4) 88.8 108.4} 120.2] 143.8] 213.6 


ForcE REQUIRED IN DRIVING 10-PENNY CuT Naris, SHARPENED. 


1N INCHES. 


1} 12 | 36 | 92 | 140 | 176 | 216 | 28: | 280 | 304 | 390 | 436 
2| 16 | 44 | 100 | 128 | 160 | 200 | 930 | 252 | 316 | 360 | 400 
3| 12 | 30 | 72 |108 | 152 | 184 | 220 | 268 | 304 | 356 | 380 
4| 20 | 68 | 108 | 148 | 188 | 220 | 260 | 292 | 344 | 380 | 420 
5| 12 | 48 | 104 | 148 | 176 | 216 | 248 | 9390 | | 348 | 408 
6| 12 | 24 | 80 |112 | 148 | 200 | 244 | 972 | 316 | 376 | 456 
7| 16 | 36 | 84 | 128 | 200 | 232 | 308 | 400 | 440 | 460 | 508 
s| 16 | 40 | 80 | 198 | 176 | 232 | 248 | 988 | 840 | 490 | 460 
9| 20 | 44 |108 | 152 | 168 | 184 | 220 | 248 | 284 | 390 | 384 
10| 12 | 44 | 88 | 124 | 164 | 204 | 256 | 280 | 300 | 320 | 340 
44.8! 41.4] 91.6] 126.6] 170.8] 208.8} 251.8) 284 378 | 419.2 
450 
q GRAM G FORCE REQUIRED 
BRIVE AND [PULL 10 PENNY OUT 
360 
$30, 
800 
270 
Mi oh 
9 
150 A 
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Requnep IN PULLING 10-PENNY Our Nats, 


-«* 


IN INCHEs. 
04.4 | 2 2} 2 24 
1 0| 0] 0 2| 8 | 4 | 40 60 | 120 | 152 | 200 
Pi 2/0] 0] 0 o| 6 | 4 | 44 72 | 108 | 140 | 180 
| 12 | | 48 | 6 | 108 | 140 | 180 | 220 
oe 4/1 0] 0/0 | @ | 3 | 4 | 6 80 | 120 | 160 | 244 
5 | o| 2 8 | | | 54 64 | 96 | 124 | 180 
6 | 0| 0 o| 4 | 1 | 38 76 | 116 | 140 | 200 
0j0 8 | | 40 76 | 108 | 140 | 180 
8 | 0 4] 12 | | 44 | 112 | 148 | 224 
a 9/0] 0] 0 2| 8 | 20 | 36 48 | 68 | 198 | 184 
10 | 0 | 0 | 0 4| 16 | 8 | 4 68 | 104 | 140 | 192 
o| 0| 6| 52 12.6 | 28.4| 46 109.2 | 145.2 | 200.4 
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FORCE IN PouNDS REQUIRED IN DRIVING 8-PENNY CuT NAILS. 


DeEptH IN INCHES. 


180 | 200 240 
180 | 272 804 
196 . | 228 272 
188 224 292 
180 220 288 
192 264 284 
172 2 260 808 
184 2 272 300 
180 | 292 808 
169 | 284 316 


| 145.2} 182.1 | 
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Pounps REQUIRED IN PULLING 8-PENNY CuT 


IN INCHEs. 


ADDO 


1 
2 
3 
4 
| 
6 
7 
9 
0 


wl 


2 


20. 4 | 100.2 


Force IN PounDs REQUIRED IN DkIvING 8-PENNY WIRE NAILS FOR 
; QUARTER INCH OF DEPTH. 


DeEptH IN INCHES. 


116 
116 
108 
124 
128 
120 
124 
116 
124 


117.6 | 131.0 | 146.2 


NAILS. a 
1 
| a 40 | 120 | 120 | 150 | 252 | 
ee 7 | 96 | 124 132 | 320 | 
68 | 120 | 120 136 | 800 
q 44 88 | 128 140 
Bian 60 | 84 | 124 134 300 
va 52 | 80 | 116 128 | 308 
64 | 116 | 136 144 4 
72 | 112 | 140 152 
56 | 72 | 128 164 | 852 
70 | 88 | 182 172 816 
: | 59.6) 97.6 312.4 
Force IN 
: | 1 1 | | 2 | 
20 30 40 80 | 280 
ee 32 48 88 160 | 404 
16 36 44 88 300 
20 36 56 360 
: 16 44 88 *| 96 | 308 
32 36 56 | 80 324 
20 36 60 90 316 
en 12 40 52 | 88 296 
ee 16 32 56 96 ae 
36 | 392 
| 
“We | | It | 2 
ae ‘1/| 56 | % 80 84 100 124 132 160 200 
| a 88 88 100 124 130 160 188 
88 100 100 140 152 180 188 
88 92 104 182 148 192 204 
96 | 100 116 | 140 | 188 | 216 
| ary: nee 6 | 60 88 100 100 136 148 172 192 
aE | 68 80 92 100 136 | 160 180 196 
8 | 94 104 112 180 | 152 180 200 
a 3 =e 80 96. | 100 140 152 180 208 
o 10 | 64 | 88 | 92 | 104 182 | 148 | 172 | 196 
| 85.0| 94.0) 100.4 176.4) 198.8 
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‘ 4 5 6 


Fie. 280. 
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DEpTH IN INCHES. 


| 


co ooocoococoo 


| 
4 10 | 14 | 20 | 44 56 88 
4 12 16 | 40 | 48 64 16 
4 12 20 32 40 56 64 
4 12 16 20 48 56 ss 
6 16 14 | 382 44 56 76 
4 . 14 28 48 64 84 
4 14 18 36 40 68 96 
6 12 18 24 52 58 72 
4 14 16 | 40 48 64 76 
4 12 16 | 32 44 16 88 
4.4 12.2} 162]! 30.4] 45.6) 61.8 | 80.8 


FORCE IN PounDs REQUIRED IN Drivine 6-PENNY CuT NalILs, 


DepruH IN INCHEs. 


2 + i 1 | 1} 1} 
1 72 100 136 170 | 180 180 
2 80 140 140 152 | 200 200 
8 76 88 124 168 188 208 
4 64 96 116 156 192 200 
5 72 88 144 172 204 216 
6 76 12 120 162 196 208 
7 70 116 132 176 200 204 
68 96- 116 156 188 220 
9 84 132 | 178 | 192 216 
10 80 | 108 128 |_ 160 200 224 

74.2 | 106.8 | 128.8 at 185.0 | 194.0 | 207.6 | 
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QUARTER INCHES, 


4 


Force IN PouNDS REQUIRED IN PULLING 6-PENNY CuT Narts. 


DEPTH IN INCHES. 


a DRIVING AND PULLING CUT AND WIRE NAILS. a 
= 
| 
16 24 44 140 4 
12 20 40 160 
16 24 44 120 
14 20 40 
| 12 28 52 148 . 
20 28 60 156 
18 32 56 160 
24 36 52 
18 30 58 166 
14 38 50 180 
q ae | 6 | 16.4 | 28.0 | 49.6 | -155.6 
| 
} 4 


Force In Pounps REQUIRED FoR Drivine 6-PENNY Wire Nas. 


IN INCHES. 


_ 


FORCE IN PoUNDS REQUIRED FOR PULLING 6-PENNY WIRE NAILs. 


DeprH INCHEs. 


SOD Cr CO DO 


WAP 


rot. R. EL Thurston.—This matter seems to me of more © 
importance than is usually ascribed to it. The value of the nail | 
in the holding together of constructions, in wood of all kinds, is a 
measure of a pretty large element in modern civilization. The _ 
problem, as I would state it, is that of finding a way of making __ 
nails which shall drive easily, without danger of injuring the wood _ 
or of splitting the parts; which shall, once driven, hold firmly and 
under all circumstances; and which shall, finally, draw with as 


even resistance as possible from head to point. 
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_ 56 76 80 84 100 104 120 ae 
b 44 64 68 80 88 112 116 a 
4 52 68 68 76 | 96 108 120 Bio) 
, 60 72 76 80 92 112 124 a 
| 68 70 74 80 | 96 104 120 
a 64 76 80 88 | 100 108 116 ae 
72 76 84 92 | 104 116 124 
76 84 92 104 112 128 132 
70 92 92 96 108 124 128 Pe 
% 66 90 9 | 102 | 116 | 144 | 152 
F | 60.8 | 76.8 | 82.0 | 892 | 101.2 | 116.0 | 1346 © ee 
| | 1 | 1} 14 | 14 
=F 
| 20 40 56 64 
16 32 40 56 84 a 
a 20 26 34 44 80 ie 
24 32 56 68 96 
18 24 52 68 92 
7 16 32 40 56 80 
eB: 16 36 44 56 76 
a 20 32 48 52 88 
E>. 22 36 56 66 96 
1 16 36 44 72 96 
8 | 18.8 32.6 47.0 60.2 | 87.6 
| 


1014 DRIVING AND PULLING CUT AND WIRE NAILS. 


The starting resistance, usually the only element of value 
reported upon in such experiments, is of less value, probably, than 
is commonly assumed. Every aail is liable to be, at least, started 
by some sudden and excessive stress, and the seasoning and drying 
and springing of the wood with age and with change of hygro- 
metric condition is liable to produce a tendency to loss of holding 
power, if not to actually loosen it. Holding power is of more 
consequence than easy driving; and that is the best nail, other 
things equal, which holds best, even if hard to drive. That is 
the best, other things equal, which, though started by any acci- 
dent or change of conditions affecting it, will continue to hold with 
the largest resistance and most persistence. It would thus seem 
that the work of resistance to extraction, and not the resistance 
to starting, is the best measure. In fact, it is not precisely even 
the work which should be a maximum; it should be a maximum 
work at the earlier stages of the withdrawal. After the nail is 
well out, further resistance is commonly of comparatively little 
importance. The structure is ruined, and, after that limit is 
passed, the easier the ruin is taken apart the better. A nail hard 
to start, and hard to draw the first, say, twenty per cent. of its 
length, is the best thing in most cases. 

It would seem that the true fact of the case is that some work 
requires one nail, and other kinds of work another sort of nail. 
For temporary holding we need one, and for permanent construc- 
tion another. In one case, the harder the nail to start the better ; 
in another, the longer and more steadily and persistently it holds 
the better. One construction is spoiled by astarted nail; another 
remains useful and valuable, even though wrenched in all direc- 
tions. It would seem, for these reasons, desirable to compare 
the various makes and kinds of nails with a view to their classi- 
fication for different uses. The cut nail starts harder, as a rule, 
but loses its hold more promptly, than the wire nail. For gene- 

ral purposes, the latter would seem superior. Where drawing 
forms a part of the programme, the cut nail has its advantage. 
When the piece must be held firmly and closely together, the 
cut nail gives best result; but where a started nail must still 
hold, long and hard and without let-up, the wire nail is unques- 
tionably best. With some woods, in which injury to the fibre 
is a serious matter, the wire nail is the only allowable form ; when 
no harm is done by the crushing of fibre, the cut nail is permissi- 
ble, though otherwise objectionable. The elastic hold, secured 
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by the pressure on the sides of the wire nail by the springing om i ys 
of the grain, is an advantage where prolonged holding power is 
exacted. 
The graphical representation. of results here given us has 
seemed to me, from this point of view, particularly valygble,and _ 
it is to be hoped that we may secure much more of the same sort 
of information and from every known variety of nail, screw, or 
other fastening. 
Mr. Gustavus C. Henning.—There is one point which has not 
been brought out in this investigation, and that is, that a wire 
nail contains fifty per cent. less material than a cut nail, in every 
instance ; that is, for five cents you get just seven and one-half 
cents’ worth of nails. As the carpenter puts it, a tenor twelve-inch 
board holds so many nails, and he won’t put any more in, and 
they don’t care much whether they hold or not in that case, but the 
nails go so much further. Now, to make a true comparison in _ ae 
regard to holding qualities, it seems to me nails should be com- | “ 
pared so that the amount of material in them is about the same in yt oa 
the two cases. It may be that a particular shape of wire nailmay __ 
be so made that it goes in uniformly hard and holds better when | 
it is in, without injury to the job. The fact is, that cut nailsdo 
crush the wood, and do not hold so well afterwardsas when newly 
driven, while the wire nail. always holds. But I think it would 
be well to find out what the nail will hold in the shape of a wire ~ 
nail when it contains as much material as a cut nail. , 
Prof. John E. Sweet.—To give a couple of illustrationsinregard 
to the holding power of nails, I wish to report what was told me ee 
at the Exposition in Chicago, where we had considerable discus- __ oe 
sion as regards the holding power of nails. The people who sell — ap 
shoes will not buy a box of shoes if the cover is nailed on with — i 


> 


| 


wire nails, for the reason that when they take off the cover ¢ as 
they spoil it. They want it nailed on with cut nails, so that ae 


they can get the cover off and save it. The people who sell one c) 
forgings have a different preference. The Billings & Spencer peo- 
ple told me that before they adopted the wire ‘nails for nailing — . 
boxes, the percentage of broken boxes was enormous; but after a a 
they adopted the wire nail they never received a report that boxes 
were broken ; showing that if you want to naila box togetherto = 
stay, you want to use wire nails. All of us have known. this for he 


along time. These experiments have not gone far enough yet. 


This box question is one of the questions to be considered in using rae e’ 
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nails. The nails in Professor Carpenter’s test have been driven in 
the wood with the wide part of the nail parallel to the grain of 
the lumber. When we nail up a box and nail on the sides, we 
drive the nails into the ends of the wood ; and when we nail on the 
top, we nail the ends of the top with the wide part of the nail 
: parallel with the grain of the cover, but just the way to split the 
end, and the nail comes out easily. Now, if one will make some 


well, you can do it if you go about the test in a certain way. 
Prof. R. C. Carpenter.*—If the reader will kindly refer to the 
table at the top of page 1004, he will find given there the total 
weight required both to start and pull one pound of each kind of 
nails, and also the total work expended in foot-pounds in so doing. 
Regarding the total weight for starting, which is given in tons, 
it will be seen to be nearly the same for two kinds of nails, 
being slightly less for cut than for wire nails for the tenpenny 
size, and slightly greater for the other sizes, the difference in each 
case being small. This would seem to me to tend somewhat 
against the statement made by Mr. Henning, and would rather 
serve to show that, if a less weight of wire nails than cut nails 
were used in a given structure, the resistance to starting stress 
would be less, although it is quite true that the work required 
for pulling the wire nails, if equal weights were used, would be 


experiments with nails put in in that way, he will see that the ests 
my: and the facts agree a good deal better than some which we 
es have had before, and that the test comes a good deal nearer the 
facts of the case than where they are tested in the way spoken of 

_ by the editor of the American Machinist. He said that if they 
ss -were testing armor-plate the shot always went to pieces, and if 
they were testing the shot the armor-plate went to pieces. In the 
oe same way with nails; if you want to make the cut nails show 


‘ considerably more. The remarks by Professor Sweet indicate a 


fertile field for research, which it is hoped can be investigated. 

«There is another point which is somewhat difficult to investigate 
by experiment, and that is that wire nails bend very easily, and 
for that reason are hard to pull in the ordinary way with a ham- 
mer. This may lead in a popular way to an exaggerated notion 
regarding the holding power. 


* Author’s closure, under the Rules, 
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TESTS TO SHOW THE DISTRIBUTION OF MOISTURE © 
IN STEAM WHEN FLOWING THROUGH A HORI- © 


BY D. 8. JACOBUS, HOBOKEN, N. J. 


(Member of the Society.) 


IN a previous paper preliminary tests were presented, which __ 
were made in connection with an investigation undertaken for __ 
the Babcock & Wilcox Company by Professor Denton.t In _ 
this paper it was demonstrated that various calorimeter nozzles, 
such as are now used in practice, do not ‘give an averagesample __ 
of the steam flowing through the steam main. It wasalsostated 
that tests were in progress to determine the efficiency ofa nozzle © 
devised by Professor Denton, which consists of a 3-inch tube 
open at the end, passing through a stuffing-box, and so arranged 
that it may be moved to any position across the pipe under.a 
full head of steam. " 

The tests made with the tube passing through a stuffing-box 
indicated that a greater part of the moisture was near the bot- . _ 
tom of a horizontal pipe, and that it probably ran alongina __ 
small stream. If this was true, then an opening in the bottom | 
of the pipe, so arranged that the water could run freely into it, __ 
would glean off all, or the greater part, of the moisture. The _ 
tests which are the subject of this paper were made by the 
writer to determine to what extent such an action takes place, “$a > ag 
and are a continuation of the preliminary investigation above __ 
referred to. 

It was found that after steam had passed through 8 feet of is 
horizontal 3-inch pipe, 95 per cent. of the entrained moisture, or 2 oe 
over, could be drawn from a }-inch pipe leading from the bottom © 
of the 3-inch pipe, for quantities of moisture as high as 8 per on 
cent., and velocities as high | as 25 feet per second. = 


* Presented at. the “Detroit m meeting J une, 1895) of the American Society of — re 

Mechanical Engineers, and forming part of Volume XVI. of the 7ransactions. a 
+ ‘‘ Results of Measurements to Test the Accuracy « of Small Throttling Calorime- a ats 
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The moisture was thoroughly mingled with the steam before | 
entering the 3-inch pipe. The apparatus was so arranged that 
the greater part of the moisture was initially near the top of the 
pipe, so that it had to fall through the steam during the time 
taken to travel over the space of 8 feet. The theoretical time 
required for a body falling freely in space to travel from the top 
to the bottom of the pipe is about } of a second. Hence, the 
maximum initial horizontal velocity that such a body could have 
and reach the bottom in a horizontal space of 8 feet would be 64 
feet per second. 

It appears from the experiments, therefore, that for the par- 
ticular set of conditions which existed, 95 per cent. of the moist- 
ure can be gleaned from the bottom of a pipe, if the velocity of 
the steam is * that corresponding to the theoretical velocity 
already mentioned. For a velocity of 20 feet per second, or 
about 5 the theoretical velocity, 98 per cent. of the moisture was 
drawn from the bottom of the pipe for quantities of moisture as 
high as 10 per cent. Fora velocity of 43 feet per second, or ;% of 
the theoretical velocity, about 60 per cent. of the total moisture 
was drawn from the bottom of the pipe, and at 4 of the theoreti- 
cal velocity about 90 per cent. was drawn out. 

"It cannot be said that these ratios will apply to all cases, and 
for this reason additional tests are to be made to determine the 
effect of increasing the velocity of flow and the length of the 
horizontal pipe. 

A special series of experiments was made, in which a hori- 
zontal plate was placed about { of an inch above the bottom of 
the 3-inch pipe, and over the }-inch pipe leading to the calorim- 
eter. The plate was arranged so that all the moisture which 
collected under it would run into the calorimeter. The object of 
introducing the plate was to collect all the water which was near 
the bottom of the pipe, so as to determine to what extent a noz- 
zle, simply tapped into the bottom of the pipe, would remove such 
moisture. The results of corresponding tests, with and without 
the plate over the calorimeter nozzle, are about the same, which 
indicate that a nozzle connected so that its inner end is flush, or 
slightly below the bottom of the pipe, will remove practically all 
the moisture which flows near the bottom of the pipe. 


The results of my experiments on the 3-inch pipe are given in 
detail in Table I. 


__-- In Professor Denton’s experiments a single calorimeter was at 
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first attached to the bottom of a horizontal 12-inch pipe by — 
means of a nozzle, which could be raised and lowered so as to 
draw steam from various sections of the pipe,as has been _ 
already described. It was found that the weight of moisture _ 
ranged between about 5 and 50 per cent. of the weight of steam 
passing through the calorimeter when the nozzle was lowered __ 
so as to be near the bottom of the pipe; whereas, when the noz- __ 
zle was raised so as to be about 1j inches above the bottom of __ 
the pipe, the steam which passed through the calorimeter was _ 
practically dry. In these tests the steam passed from the 
boiler through about 10 feet of horizontal 12-inch pipe to an 
elbow, and thence through a second horizontal 12-inch pipe. 
The calorimeter was attached to’ the second horizontal pipe 
about 6 feet from the elbow. The velocity of the steam was 
about 17 feet per second, representing about 500 H. P. 
After making the tests with a single calorimeter, a second | 
series of tests was made with two calorimeters, to determine if _ 
the moisture was all at the bottom, or if it was also creeping __ 
along the sides of the pipe. To make these tests the second 
calorimeter was placed at the same cross-section of the pipe as 
the first, but it was moved to one side, so as to be 4 inches i. : 
from the calorimeter attached directly to the bottom of the pipe. 
It was found that when both nozzles were set sothat the ends — 
were flush with the inner surface of the pipe, the calorimeter at oi Bat 
the bottom of the pipe indicated excessive moisture, whereas sae ~ 
the calorimeter 4 inches from it toward the side of the pipe > oe te 
showed practically dry steam. This indicated that all the 
moisture was at the bottom of the pipe. 
The general arrangement of apparatus used by the writer for __ 
conducting the tests on the 3-inch horizontal pipe is represented _ 3 ty 
in Fig. 282. 
Superheated steam entered at A, and passed through a 3-inch ee: ae 
pipe surrounding a cooling pipe, &. The cooling water entered 
at C and passed through B. After passing the cooling pipe the as ae 
steam passed through a device at ), which thoroughly mixed a ; 
the steam with the water. This consisted of two ary placed — 
about 1 inch apart, in which were two holes about 3 of an inch — 
in diameter. The hole in the first plate spaaunianed by the 
steam was at the bottom of the pipe, so that all moisture in — a 
the steam would be drawn from the bottom of the pipe. The _ 
steam and moisture then passed upward between the plates 
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and out of the hole in the 
second plate. The hole in 
the second plate was placed 
the top, so as to intro- 
duce the steam and moisture 
near the top of the 3-inch 
pipe, EZ. The calorimeter was 
attached at V. Kis the sepa- 
rator portion of the calorim- 
eter, and LZ the heat gauge. 
The temperature and press- 
. ure of the steam were meas- 


= ured on leaving the pipe /’ by 


means of the thermometer, /, 
and the pressure gauge, -/. 
The thermometer, H, was 
placed in a mercury well hav- 
ing an enlargement at its 
lower end and a thin neck. 
The steam was throttled by 
means of the valve, J/, from 
a pressure of about 80 pounds 
above the atmosphere in the 
pipe, Z, to about the pressure 
Brees, of the atmosphere in the 12- 
inch drum, N. The tem- 
perature of the steam after 
ss throttling was measured by a 
Aled thermometer, Q, placed in a 
mereury well, and by a ther- 
direct contact with the steam. 
The pressure in the drum, N, 
was measured by means of a 
flowing into the drum, JN, was 
led to a surface condenser, 

went The amount of moisture in 
the valve, M, was indicated 


Outlet of water from 
cooling pipe.B 


— 


Inlet of cooling water 
view of D 


= 


2 


ft. of 


H 
be 


t 


Fie. 282. 


measuring pressure 


in_12" drum, 


Mercury gauge for 


Pipe leading to 


surface 
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by the amount of superheating in the 12-inch drum, NV. This 
moisture, added to the moisture in the steam entering the 
Barrus calorimeter, gave the total moisture contained in the 
steam passing through the 3-inch pipe. Corrections, deter- 
mined directly by experiment, were made for all radiation. 
The factor of 0.48, for the specific heat of steam, was em- 
ployed in calculating the percentage of moisture, and special 
experiments were made to show how nearly this method would 
agree, in the case of the 12-inch drum, with the experimental 
normal reading for dry steam. These experiments, from the 
nature of the apparatus, could be made only with steam just 
at the point of superheating, or with slightly superheated 
steam, and the results obtained were the same as in similar 
tests made on a Barrus calorimeter, and given in the paper on 
“Errors of Calorimeters.” 

It was found that the experimental normal reading for steam 
probably near the maximum state of dryness, when corrections 
were made for all radiation, and the temperatures were ¢or- 
rected so as to correspond to those registered by an air ther- 
mometer, was about 3 degrees higher than the theoretical 
normal reading. 

The initial pressure in all the tests was about 80 pounds per 
square inch above the atmosphere. 

With steam that was slowly condensing the tests made in con- 
nection with the “Errors of Calorimeters” showed that the 
normal reading with a Barrus calorimeter was 3 degrees lower 
than for steam of the maximum dryness, so that if this same dif- 
ference applies to the 12-inch drum, the experimental normal 
reading for steam which is slowly condensing, and therefore con- 
tains the maximum amount of moisture, would be about the 
same as the theoretical normal reading, employing a factor of 
0.48 for the specific heat of steam. It was impossible to regu- 
late the quality of the steam in determining the experimental 
normal reading of the 12-inch drum JN, so as to be certain of the 
exact condition in which it existed at V. The tests given in the 
Appendix show, however, that the possible discrepancy from this 
cause was less than that equivalent to } of 1 per cent. of priming. 

Three series of tests were made. In the first there was no 
mixing device placed at D. In these it was found that the 
thermometer, H, would indicate superheating with considerable 
moisture entering the calorimeter nozzle, V. The second series 
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PERCENTAGE OF TOTAL MOISTURE ENTERING A 3-INCH HorIzoNTAL STEAM 
PIPE THAT IS REMOVED BY A 4-INCH Drip PIPE. 


_ The moisture in each case was either thoroughly mingled with the steam, or the greater part of 
it was near the top of the 3-inch pipe at a point 8 feet distant from the }-inch drip pipe. Much of 
the moisture had, therefore, to fall through a distance nearly equal to the diameter of the 3-inch 
pipe before it was drawn out at the }-inch drip pipe. ; 


| PERCENTAGE OF 4 
~ 
MoisTukE IN stEam| 
Conditions under which the tests were bo 
Bad & & ‘od. 
1 2 3 4 5 6 
( 1 65.1 8.9 2.2 45.6 
First series of Tests. Moisture produced 55.0 
_ 5 52.2 4.2 1.6 62.8. 
{| 6 41.9 | 38.8 0.3 91.5 
7 88.1 4.8 0.6 88.6 
“har 8 38.1 2.6 0.5 82.8 
| 9 38.1 2.4 0.4 85.6 
10 38.1 0.3 0.0 100.0 
Second series of Tests, in which a mixing 100. 
mingle the steam and water. 15 245 8/2 0.5 95.0 
16 19.2 8.8 0.5 95.5 
Fy 21 43.1 3.5 1.2 
| | 13 | | see 
J 85.2 
Third series of Tests, in which the steam a as rp 4 
and entrained moisture was supplied 26 21 01 95.0 
through a vertical 3-inch - pipe, and 20:9 121 6.8 
flowed through an elbow into the 28 0.0 100.0 
horizontal 8-inch pipe. 29 20.5 2°5 —0.1 100.0 
32 15.4 8.7 —0.2 | 100-0 
1.9 2. 57.4 
Special tests in Third Series, in which a 86 38.1 2.4 0.6 | 7s 
was over the drip pipe 37 34.3 2.5 
Jeading to the calorimeter, so as to col- 88 0.0 100.0 
all moisture that was near the bot- 39 |. —0.1 100.0 
a ed 4 tom of the pipe. 40 26.8 | 4.8 0.0 100.0 
41 20.5 4.3 —0.1 100.0 
42 20.2 13.1 0.4 97.4 
43 20.2 | 4.9 0.0 | 100.0 


* The percentages of priming given in this column are’calculated from the superheating in the 
12-inch drum, and are correct to within about 4 of 1 percent. The minus values are either accidental 
discrepancies, or they are caused by the fact that the steam wus initially superheated, and tended 
to nary the property of producing a slightly higher ‘‘ normal reading *’ than that given by the theo- 
retical formula. 
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of tests was made after adding the mixing device, D. In the 
third series of tests the 3-inch pipe containing the cooling pipe, 
B, was lowered, together with the mixing device, )), and the steam 
was made to pass through an S-shaped connection of 3-inch 
pipe into the pipe EL. This caused the steam which was admitted 
to E to pass upward through a vertical pipe, then turn through 
an elbow into the pipe FL. The object of the latter arrangement 
was to make the mixture of steam and water enter the pipe / 
at the same velocity at which it flowed through the pipe £. 
When the steam and moisture entered the 3-inch pipe directly 
from a j-inch hole in the mixing device, D, it was initially at a 
much greater velocity than the average velocity in the pipe JZ, 
but it was considered best to make tests in this way, so as to 
have one set of tests in which the conditions were as severe as 
possible. 

An Appendix is added, which gives the calculation of one 
of the tests in detail, together with the results of experiments 
to determine the radiation, and the details of the tests made 


to obtain the normal reading of the 12-inch drum. iw 


he 


Tuer percentage of moisture in the steam was calculated from 
the amount of superheating of the steam in the 12-inch drum 
marked NW in Fig. 282. Corrections were made for all radiation. 
The drum N was the same one which was employed in the tests 
to determine the accuracy of small throttling calorimeters, and 
which was shown to give results that were accurate to within } 
of 1 per cent. of priming.* ’ 

To determine the radiation, superheated steam was passed 
through the apparatus, the valve M being wide open. The temper- 


% 


ature of the superheated steam was made such that the thermom- _ et 
eter P, in the drum J, registered the temperature which existed 


throughout the regular tests. 


The rate of flow of superheated steam in pounds per hour was — 


varied in the tests for radiation, so that the correction correspond- 
ing to the particular -velocity could be made for each of the 
regular tests. The pressure in the drum WN was the same as 
existed in the regular tests. 

In the radiation tests the Barrus calorimeter was removed, and 


* Transactions, vol. xvi., p, 448. 
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a mercury column was placed at V. The results of the tests for 2 “ 
radiation are given in Table A. Ss 

The corrections for radiation in degrees Fahr. are about equal 
to 4,550 + weight of steam in pounds per hour, and this value has 
been employed in calculating the corrections for radiation, which — 
were applied to all the tests. . 

Before making the final calculations experiments were made to 
determine the “normal reading” of the drum JV. These experi- 
ments could not be made with a great degree of refinement, as it 
was impossible to regulate the quality of the steam so as to bring 
it to a known condition when it reached the throttling valve. 

It was shown, in my test on a Barrus calorimeter, that 3 
degrees difference in the temperature of the outlet steam could be 
obtained with steam which was of the maximum dryness without 
superheating, and with steam which was slowly condensing and 
contained the maximum amount of mist.* 

In obtaining the normal readings of the drum Vit was im- 
possible to regulate the quality of the steam closer than the 
equivalent in priming of this amount of superheating, which is 
about 4 of 1 per cent. It is probable, however, that the steam 
used in obtaining the normal readings was nearly at the maxi- 
mum state of dryness, for it was initially superheated, and was 
cooled only to such an extent that a small amount of water 
appeared at intervals at the bottom of the pipe at the point V, 
with no superheating registered by the thermometer at /Z. 

The experiments to determine the normal readings were made 
after the S-shaped connection had been added to the apparatus 
shown in Fig. 282, so that the steam which was initially super- 
heated passed first through a pipe containing the cooling pipe B, 
and the mixing device D, and thence through the S-shaped con- 
nection to the pipe #. The amount of cooling water admitted at 

C was regulated so that moisture would appear in small amounts, 
and only at intervals, in the separator, A, of the Barrus calo- 
rimeter. 

_ The results of the tests are given in Table B. 

_ An examination of the results of tests contained in Table B 
will show that the experimental normal readings were about 
3 degrees Fahr. higher than the theoretical normal readings. 

If the steam in the experiments was at or near the maximum 
state of dryness, which, as has already been stated, was probably 


* Transactions, vol. xvi., p. 460. 
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DISTRIBUTION OF MOISTURE IN STEAM. 

the case, then, subtracting 3 degrees for the difference in the 
states of steam in this condition and when siowly condensing, the 
reading of the drum J for steam which is slowly condensing will 
agree with the theoretical normal reading. 

The theoretical normal readings were employed in calculating 
the results given in Table I., for, as has been stated in my article 
on calorimeters, we do not know which of the above states of the 
steam, if either, is the same as the steam used in Regnault’s ex- 
periments; and the experiments just described to determine the 
normal reading of the 12-inch drum J, show that there cannot 
be a discrepancy of over 4 of 1 per cent. of priming, which is 
about the variation of duplicate tests. ' 

Tests to determine the normal reading of the 12-inch drum V 
were also made, in which there was a slight amount of super- 
heating registered by the thermometer at H. The results of 
these tests are -given in Table ©, and show that there is a differ- 


ence between the experimental and theoretical normal readings Ba 


of over 6 degrees Fahr. 
Assuming the figure obtained in this way to be the true normal 


reading for steam of the maximum state of dryness, and that the 
normal reading for steam which is slowly condensing is3 degrees 


lower, as was found to be true for the Barrus calorimeter, then — 


there is a discrepancy in the results in Table I. of 3 degrees in 
the normal reading, or of about 4 of 1 per cent. of priming. It 


may be, however, that the steam requires more heat to produce ome 


the first one or two degrees of superheating than it does at the 


higher temperature, where it approaches more nearly to the f 
properties of a perfect gas. If this is so, the discrepancy of 3 


degrees in the normal readings, obtained with the superheated — 


steam, may disappear. 


The normal reading of the Barrus calorimeter, as has been 


already stated, was found by experiment to be about the same as 


brine 


the theoretical, for steam which was slowly condensing, in tests ie 
which were given in my first paper. In the present tests the 


same holds true, within 4 of 1 per cent. of priming, or less, when 
throttling from a 3-inch into a 12-inch drum. It is not safe, 


however, to draw a general conclusion that this will be so for all BE 
methods of throttling, or even for a method of throttling in _ 


which the conditions are exactly in accord with the theoretical s, 


formula. 
We expect to make further experiments to cover this ground. 
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DISTRIBUTION OF MOISTURE IN ‘STEAM. 4 
The radiation of the Barrus calorimeter was allowed for i in the : 
manner described in my paper on “Tests for Accuracy of Small 
Throttling Calorimeters.” The radiation of the separator portion 
was equivalent to 3.9 degrees of superheating. 

The experimental normal readings of the heat-gauge portion 
averaged 1.1 degrees Fahr. lower than the theoretical normal 
readings, when no correction was made for radiation, and the 
quality of the steam was so regulated that there was a small 
amount of water removed by the separator portion of the calo- 
rimeter. The correction for radiation of the heat-gauge portion 
was about 14 degrees Fahr., so that there was a discrepancy of 
about } degree Fahr. between the theoretical and experimental 
reading, which was less than the probable error in the experi- 
ments. 

The average results obtained with the heat-gauge portion of the 
Barrus calorimeter are given in Table D. 

In all the tests the weight of steam condensed in the condenser 
and drawn from the separator of the Barrus calorimeter was 
recorded every five minutes. All other readings were made every 
two and one-half minutes. A continuous record was preserved, 
and only those portions of the records where the readings showed 
that the conditions were uniform were used in calculating out the 
results of the tests. The average length of these selected intervals 
was about twenty minutes. 

The readings of the thermometers were corrected, so that the 
temperatures employed in calculating the results, and given in the 
tables, are those that would be registered by an air thermometer. 

“h METHOD OF COMPUTING THE RESULTS GIVEN IN TABLE I. “otal 


The data and calculations in detail of Test No. 17 are as follows : 


1. Duration of selected interval over which average data are obtained, in 


4 
minutes 


2. Steam condensed in surface condenser, in pounds per hour 
8. Steam passing through orifice of Barrus calorimeter, in pounds per 


a * Moisture passing through orifice, corrected for radiation, in pounds 
ween per hour 
7. Moisture entering drip-pipe leading to the Barrus calorimeter, in 
pounds per hour = line 4 — line 5 + line6.... 


4 
4 
20 
| eee i 4, Water drawn from separator of Barrus calorimeter; in pounds per 
: Rie 5. Equivalent of radiation of separator of Barrus calorimeter, in pounds 
0.12 
0.09 
63.72 


x 


Total weight of steam and water passing through the three-inch 
pipe, in pounds per hour = line 2 + line 8 + line 4............. 744 
Temperature of steam in twelve-inch drum J, in degrees Fabr...... 271.1 
Correction for radiation of twelve-inch drum J, the valve MY, and 
all piping between the valve M and the Barrus calorimeter, in 
degrees Fahr. = 4,550 + line 2... 
. Temperature of steam in twelve-inch drum J, corrected for radiation, 
in degrees Fahr. = line 9 + line 10.... «eee 278.4 
. Pressure of steam in three-inch pipe, in pounds per square inch above 
atmosphere = 
. Pressure of steam in twelve-inch drum, in pounds per square inch 
above atmosphere = 


H, — 
Normal reading of twelve-inch drum = — AQ t 


5. Percentage of moisture in steam entering twelve-inch drum = (line 
14 — line 11) x 0.48 x 100 + latent heat at pressure p;.......... 
. Moisture in steam entering twelve-inch drum J, in pounds per hour, 
= line 2 x line 15 + 100............... 
. Total moisture per hour in steam passing through the three-inch pipe 
= line 7 + line 16 bwdsopchee se 
. Percentage of moisture in steam passing through the three-inch pipe 
= line 17 x 100 + line 8 bint 
. Percentage of total moisture removed by the half-inch drip pipe lead- 
ing to the Barrus calorimeter, in per cent. = line 7 x 100 + line 17. 
Dry steam passing through three-inch pipe, in pounds per hour, = line 
. Velocity of steam in three-inch pipe in feet per second = line 20 x 
- volume of one pound of steam at pressure p, + (3,600 x area of 
- pipe in square feet). The exact diameter of the three-inch pipe was 
three and one-eighth inches......... ob 


TABLE A. 


3 


Pressure of superheated 
steam, in lbs. per 
square inch above at- 
mosphere. 


Temperature of super- 
heated steam, in de- 
grees Fahrenheit. 


. Fahr. * 
diation. 
col. 6. 


Col. 2 — col. 


g due to wire- 
drawing of steam 
diation by for- 
4550 + weight of 
steam per hour 


mula, 


Number of test. 
Loss of superheat- 

in 

in deg 

in lbs. per hour. 


3-in. pipe. |12-in. drum.} 3-in. pipe. |12-in. drum. 


Correction for ra- 


Correction for ra- 
lo of steam, 


| 


~ 


| 
282.9 277.9 1.18 0.27 3.9 
271.6 264.8 0.50 0.10 6.3 
283.1 276.1 0.50 0.10 6.5 


Loss of superheating due to wire-drawing = (¢, — ta) — 

¢, = temperature of saturated steam corresponding to pressure before throttling. 
t, = temperature of saturated steam corresponding to pressure after throttling. 

H, = total heat of saturated steam beforethrottling, 

H, = total heat of saturated steam after throttling, 


, in which, 
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ns -TEsTs TO DETERMINE THE NORMAL READING OF THE Drum JN. 
~ 


h 


] 


steam 
bs. 


grees 


Pressure in Ibs. per 
square inch above 
atmosphere. 


in 12-inch 
drum, in degrees 
Fahrenheit. 
throu 


us, in 


per-hour. 
in de 


Fahrenheit. 
eriment. 


in 
Col. 4 + col. 6. 


appara 


reading, in degrees 


Number of test. 
steam 

pass: 

tion, 

4550 + col. 5. 
experimental and 
theoretical normal 
Fahrenheit. 


8-in. pipe. |12-in. drum. 


Temperature of 
Correction for radia- 
Normal reading by 
Theoretical normal 
Difference between 


Weight of 


284.1 
284.1 
283.9 
285.1 
283.5 


Average, 


TESTS WITH SUPERHEATED STEAM TO DETERMINE THE NORMAL READING OF 
THE Drum WN. 


in de- 


grees Fahrenheit. 


grees 


Pressure in lbs. per 
square inch above 
atmosphere. 


through 
in lbs. 
in degrees 
normal 
in de- 
ahrenheit. 


Fahrenheit. 
8, 


reading. * 
readi 
grees 


eriment. 


Col 
Col. 6 + col. 7. 


steam in 12-inch 


drum J, in de 


Fahrenheit. 
experimental and 


theoretical normal 


Number of test. 
mometer 
passing 
apparatus, 

per hour. 

4550 + col. 6. 


Superheatin g by ther- 
tion, 


Temperature of 
Weight of steam 
Correction for radia- 
Normal reading by 
Difference between 


Theoretical 


3-in. pipe.|12-in. drum. 


0.4 4.0 | 290.6 | 13865 3.3 293.9 
0.4 | 38.8 | 290.6 1322 3.4 | 294.0 


* Same asin Table B + degrees of superheating given incol. 4. 


i a 1 2 8 4 5 6 7 8 9 
| 0.4 | 281.8 | 1402 | 8.2 | 285.0 
81.4 0.8 | 288.5 | 1102 | 4.1 | 287.6 
| 81.3 0.2 | 280.7 | 811 | 5.6 | 286.3 
| | 88.9 0.1 | 281.4 | 583 | 7.8 | 289.2 = 
80.7 0.1 280.4 608 | 7.4 | 287.8 
| | 3.0 
q 
| 
80.4 | 287.4) 6.6 


TABLE D. 


WatER DRAWN FROM SEPARATOR PORTION MotstTuRE PassInc THROUGH THROTTLING 
oF BarRRus CALORIMETER. or Heat 


Equivalent in degrees 
Lbs. per hour. Percentage. ———— of super- | Percentage of moisture. 
eating 


7.9 0.0 0.0 
20.5 0.8 0.0 
30.1 1.0 0.1 
40.8 2.0 a 
50.8 2.6 
58.0 2.9 0.2 
63.3 3.6 0.2 
67.4 4.6 0.2 


Mr. Meier. —Did you ey that on a vertical pipe ? 


Professor Jacobus.—We made no experiments with a vertical 
pipe. 

Professor Carpenter.—We have also been making sdme experi- 
ments to see if we could get any light on the subject relating to 
the method of obtaining a fair sample of steam, and I might say 
a few words, just to supplement what Professor Jacobus has said. 
Our work was done in a little different way. 

The rough sketch (Fig. 283) will give some idea of the arranges 
ment for our tests. 

A steam- pipe three inches in diameter was surrounded with a 
jacket of piping, shown at J, forming a chamber through which 
water might be made to flow at any desired rate. 

This water was used to condense the steam in the main steam: 
pipe; and in this manner to provide any desired amount of moist- 
ure in the steam. The wet steam first passed upward, thence 
through a piece of horizontal pipe about six feet in length, thence 
downward through a short piece of vertical pipe, thence upward 
through a steam separator, S, then to a horizontal pipe and 
through a throttling orifice at O, thence into a discharge-pipe, 
leading either to the air or toa surface condenser. ~~. 
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1030 DISTRIBUTION OF MOISTURE IN STEAM. 
; pe Pe Nipples of various styles, through which samples of steam for 


calorimetric determination would be drawn, were attached to both 
horizontal and vertical pipes, at points marked A, A,, a, a, a», ete. 


ie Glass bull’s-eyes were arranged opposite each other at points 
bee marked #, in such a manner that by placing an electric light on 


one side, a person could plainly observe the phenomena taking 
place inside the pipes, from the opposite side. 

As will be noticed, the peep-holes were located in both hori- 
_- gontal and vertical pipes. The sampling nipples were, in nearly 
Ne — cane, adjustable, and so arranged that a sample of steam 


en 


could be taken from any portion of the pipe. Various kinds 
were tried ; some with perforations of various sizes, and others 
with a slit which could be set at any angle with the pipe. We 
tried to take photographs of the condition of the interior, but 
were not successful. Possibly, our light was not strong enough. 
We found out a good many things that were quite unexpected. 
As to the general results of our experiments, I will simply say 
here that we obtained no conclusions whatever to offer at the pres- 
ent time. Before the steam reached the pipes where we had the 
calorimeters we fixed up to vary the moisture, by the use of a 
jacket, which could be filled with water to any height desired. 
We could change the amount of moisture in the pipe by varying 
the amount of water in the jacket from 2 per cent. to about 30 
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per cent. We discharged in a superheating drum, /, exactly as 
Professor Jacobus did, and we tried to measure the quality in the 
discharge by the same method. We found by inspection that 
when the steam contained about 6 per cent. and over of water, that 
the components, water and steam, would not mix under any con- 
ditions, and that the water would run in a stream in the horizontal 
pipes, the position of this stream varying with the velocity. If 
the velocity was small, that water would run right along on the 
bottom. If the velocity was high, that water would move witha 
whirling motion, keeping in contact with the whole interior cir- 
cumference ; the interior of the pipe would apparently contain 
dry steam ; at least, it wasso that we could look right through, and 
we could see the water encircling the whole pipe, for a distance 
of six or eight feet. That condition seemed to vary with the 
rate of flow. The highest rate of flow that we could get was 
probably 250 feet per second. The range covered in our experi- 
ments was from 25 to 250 feet per second in round numbers, but 
I cannot give you the exact limits. In the vertical pipe we 
obtained some unexpected results. We found that water which 
would pass over in the horizontal pipe would fall in a stream in the 
Vertical pipe, and would take different positions, according to the 
velocity. It evidently went over in the form of a little water- 
fall, which was projected a greater or less horizontal distance, 
as the velocity varied. We had nipples (4@,, a,, @,, @,) arranged 
so that we could take samples from different distances from the 
elbow. I think we obtained the most uniform and most accurate 
results with a nipple provided witha slit in the top, which could 
be adjusted in position in the pipe. The quality of steam obtained 
from these various collecting nipples varied greatly, both with 
the position of the nipple and the depth to which it was inserted 
into the pipe. The paper by Professor Jacobus describes essen- 
tially our experience in obtaining samples from the horizontal 
pipe. The quality of the samples in the vertical pipe varied 
greatly with the velocity of the steam. For instance, a sample 
taken from a, would, when the velocity was high, contain an 
excessive amount of water; when the velocity was low it would 
contain a small amount. Samples taken from the opposite side 
of the pipe, as at a, would vary in the inverse manner. The 
stream of water was evidently projected over in a curved line, 
somewhat like 7s in the sketch, varying in position with change 
of condition of the steam, so that our anaes from the various 
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nipples were not uniform, and except by accident were not 
comparable, in any way, with the total amount of water in the 
steam. We also triedspecial arrangements for mixing the steam 
before drawing the sample. After trying various devices, we finally 
put in a very fine screen across the vertical pipe and above the 
collecting nipples, at ¢ in the sketch, and that seemed to mix water 
and steam thoroughly; for, so long as that screen remained in, 
although it may have had some effect in reducing the pressure, it 
gave us very uniform and accurate samples, as checked up by con- 
densing the whole body of steam. The screen was made of fine 
brass wire, the same as used for milk strainers. We were con- 
fronted by another difficulty, and this was the final cause of our 
not arriving at any conclusion. Professor Jacobus evidently ' 
found the same thing. In order to get at the physical quality of 
the steam we placed a separator on our apparatus, and then we 
passed the remaining steam through a throttling orifice opening 
into a large drum, practically as Professor Jacobus has shown, in 
order to superheat the total sample, and in this way obtain steam 
which contained no water whatever. We found, to our surprise, 
that we could superheat 30 to 40 degrees by throttling when this 
drum was half full of water. 

We found that steam containing a large amount of water, say 10 
to 20 per cent., would pass through the orifice O into the drum 
F,, without mixing with the steam to any great extent, or suffi- 
ciently to prevent it being superheated by throttling. 

We found that our steam in the drum, as determined by 
the principle applying to the throttling calorimeter, contained less 
than 4 of 1 per cent. of moisture, whereas, from other data, we knew 
that it contained many times that amount. 

I may say that our experiments are not completed, and we 
hope to obtain in the future something definite and conclusive 
regarding this matter. Our present belief is, that if steam con- 
tains a great deal of moisture it is nearly impossible to draw out 
a fair sample; that if it contains only 2 or 8 per cent. our 
present methods of sampling are fair ones, and give reliable 
results. Our experience leads us to believe that the throttling 
calorimeter tends to show the high quality of the steam, and 
that it is not as reliable as the steam-jacketed separating instru- 
ment. 

Mr. William Kent.—I would like to ask Professor Jacobus, if 
he had 2: boiler test to make and was asked to report upon the 
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percentage of moisture in the steam delivered from the boiler, 
how he would go about getting it ? 
Professor Jacobus.—There is only one way to obtain the exact 


amount, provided the steam is to be used by an engine, and that a a 
is, to remove the moisture by means of a separator, or by means ae 
of a drip pipe, and weigh it. If the steam is to be wasted,or is =— oe 
to be used at a low pressure, the whole amount delivered by the _ a a 


boiler could be throttled, and the amount of moisture in it de 
termined by the amount of superheating after throttling. 20m 

If a separator is used in the main pipe, then we can weigh the 
amount of moisture discharged from the separator, and make 
tests with a calorimeter to determine if the steam leaving the 
separator is practically dry. If the calorimeter indicates no 
moisture, and no drip water can be obtained from the bottom of 
the pipe, at a point where it would be present should it settle out 
of the steam, then we would know that the steam was dry. If 
there were conditions regarding velocity similar to those which 
existed in my experiments, a drip pipe placed in the proper posi- 
tion in a horizontal pipe might be relied on to remove all the 
moisture which passed the separator, and that this was the case 
could be checked by means of a calorimeter. 

Prof. W. F. M. Goss.—I will confess that my conception of 
the actual condition of moisture in steam has been under revision 
for several years. It was not so long ago that I believed in fog _ 
and mist of a very dense kind. The developments of the last 
few years, however, have justified the belief that in any mixture — 
of steam and water in a pipe, the steam is present as steam, and 


the water as water. The paper confirms this belief. Sve, 
A few weeks ago I had an opportunity to view the interior o 

of a Babcock & Wilcox boiler when it was generating steam . BCS, | 

under pressure, and what I saw in the boiler agrees with what ee 


Professor Jacobus has found in the pipe. The water, asitcame 
up from the headers, presented a smooth white surface. Its 
appearance was that of small white beads in rapid motion. There = 
were beads of water which were sent up above the general level 
of the surface, and occasionally these would ascend to a consider: — 
able height, but they were always of considerable size. There = 
were no finely divided particles of water to be seen, nothing _ e re 
approaching the appearance of a mist. BPs 

The paper indicates that it is practically impossible to get a <a ES 
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fair sample of steam from a horizontal pipe. I do not see that — es 


Mary 
‘ 
4 
a) 
Ge 
4, 
a 
‘ 


1084 DISTRIBUTION OF “MOISTURE IN 


this can be done. Moreover, I believe that it is almost as difficult 
to obtain such a sample from a vertical pipe. I have had occasion 
to observe the jet of exhaust steam in the smoke-box of a locomo- 
tive, the front of the smoke-box being open, and the speed of the 
engine being about thirty miles an hour. All around the out- 
side of the jet there could be seen a thin, lace-like film of water, 
extending upward from the exhaust-tip for a distance of } or 3 
of an inch, the upper edge being ragged, and its outline constantly 
changed. The observations were repeated a number of times, 
under different conditions; the film of water was always there. 
Its presence indicates that, in a vertical pipe, a large portion of 
the moisture which may be present with the steam creeps along 
as water, in contact with the walls. It is for this reason that I 
think it difficult to get a fair sample of moist steam, even from a 
vertical pipe. 

Mr. Daniel Royse.—I should like to ask Professor Goss what. 
the pressure was in the Babcock & Wilcox boiler. 

Professor Goss.—The pressure was light, about 10 pounds. 

Mr. FE. J. Wiilis—It is the modern meteorological theory that 
water vapor only condenses upon a surface. In other words, no 
matter how saturated the atmosphere becomes, its water only 
condenses upon an exposed surface. On.the earth this condensa- 
tion is dew. Aloft, condensation occurs on the microscopic 
particles always present in our atmosphere, and thus forms 
clouds. When these particles of mist unite they form rain, and 
each drop of rain brings down with it the motes which form 
its nucleus. So thoroughly does the bacteriologist rely upon this 
inability of water vapor to condense except upon these micro- 
particles, that he bases upon this principle the method of deter- 
mining the number of bacteria and other micro-organisms present 
in the atmosphere. : 

We are so accustomed to see steam exhausting and condensing 
on these ever-present motes (thus forming the white puffs which 
we associate with condensation) that we fail to realize that such 
conditions do not exist in our boilers, pipes, and cylinders. For 
steam is the greatest of sterilizers, and the first blast frees them of 
all motes. In these, therefore, condensation occurs only on the 
exposed interior surfaces, and, trickling down them, follows such 
courses as may be prescribed by gravity and the mechanical force 
; of the steam current. 
me " a Mr. D. L. Barnes.—Uniess heat is taken from the water it cannot 


ss 
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condense, and if the heat is taken from the water it will condense, 
whether motes are present or not. The whole subject seems to 
be a little involved. I think we mix up the water which is 
entrained from the boiler with the water which is made by con- 
densation in the pipe. I have had this problem to deal with in 
the case of locomotives. I put the calorimeter right where the 
steam comes out of the boiler, before it had an opportunity to 
come into the pipe, and I have had very good results. I must say 
that we do not very often find water in the steam. 

To measure the water going into an engine is not such a diffi- 
cult matter as it may seem. As Professor Jacobus has described, 
one can get the water running along the bottom of the pipe by a 
separator, and the water in the steam can be found by the calo- 
rimeter, with the pipe to the calorimeter projecting into the 
interior of the steam-pipe about $ inch or more. When one 
knows these facts and the steam used per minute one has some 
foundation for calculating the dryness of the steam. 

Professor Carpenter.—We very carefully followed Mr. Barnes’s 
directions for putting the calorimeter in the pipe. The result 
was that when we had steam, 4, 5, 6, or 7 per cent. wet, we could 
not get over 4 of 1 per cent. of moisture in our calorimeter. 

Professor Jacobus.*—Professor Carpenter has presented the 
results of valuable experiments and observations, all of which 
tend to verify, in a general way, the results arrived at in my 
experiments. I do not consider, however, that his belief—‘ if 
steam contains only 2 or 3 per cent. of moisture our present 
methods of sampling are fair ones, and give reliable results ”— i ie 
is correct, or is warranted by the data and observations which he “¢ 
has set forth. If Professor Carpenter wishes to maintain this 
position he should present the experiments on which he has 
based his belief, and these experiments should cover all practical 
conditions in regard to velocity of flow, etc. 

We experienced one of the difficulties which Professor Car- 
penter found with the superheating drum, but not the other. He 
states that with 30 to 40 degrees of superheating water could be 
drawn from the lower portion of the drum into which the steam = 
passed after being throttled. This was the case with our appa- 
ratus, as I stated in the discussion of my first paper on thissub- 


ject, presented at the New York meeting, + but the action was 


x 


* Author’s closure, under the Rules. 
=o + Transactions, vol. vxi., p. 465. 
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not so ilin as has been found by Professor Carpenter. When 
the temperature of the steam in the drum was about 220 degrees, 
there was a slight drip of water from the lower portion of the 
drum, and experiments made to check the accuracy of the throt- 
tling and superheating principle, as applied to the drum, showed 
that the percentages of priming were correct to within % of 1 
per cent. up to nearly this limit. 

These experiments were made by weighing the amount of water 
injected in the steam, and were described in my first paper. We 
arranged to have the drum placed in a vertical position, admitting 
steam at the lower end, in order to more thoroughly mingle the 
steam and water when the moisture approached the maximum 
that could be handled by the throttling principle. The use of 
baffle plates, similar to those which we have employed in tests 
made on ammonia vapor some years ago, was also contemplated. 
A review of the calibration of the drum showed, however, that 
the results were correct to within ¢ of 1 per cent. up to nearly 
the point at which a drip of water appeared at the drum, and as 
all the results to which we attached importance were those in 
which the percentage of priming was small, we did not make the 
above changes. 

Another precaution which we observed was to measure the 
temperature of the steam on leaving the superheating drum, at a 
point where it was thoroughly mingled by being brought to a 
high velocity in passing into the exit pipe. The thermometer 
which was used for this purpose is marked @Q in the sketch of the 
apparatus.* The readings of this thermometer agreed with those 
taken by the thermometer placed in the superheating drum, when 
allowance was made for radiation. 

We did not find that an excess of moisture—10 to 20 per cent., 
as quoted by Professor Carpenter—could pass through the throt- 
tling valve without mixing with the steam to any great extent, or 
sufficiently to prevent it being superheated by throttling; and 
even had this been the case it would not have introduced any 
error, because the excess of moisture would have appeared at the 
drip pipe in the bottom of the drum, and when there was a drip 
at this point the reading of the drum was not relied on. 

There was a difficulty which we encountered in our first tests 
with the superheating drum which has not been mentioned by 
Professor Carpenter. When we started with superheated steam, 


* See sketch and description of apparatus, Transactions, vol. xvi., p. 464. 
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and injected a weighed amount of water so as to produce a certain 
percentage of moisture in the steam, and afterward removed the 
moisture by means of a separator, the temperature of the drum 
into which the steam leaving the separator was passed was some- 
times higher than the theoretical normal reading. In other 
words, on applying the theoretical formula the quality of the 
steam would be over 100 per cent. This would indicate super- 
heating, but a thermometer placed in a mercury well inserted in 
the steam-pipe near the throttle valve registered the temperature 
corresponding to saturated steam. At first we thought that the 
difference, which in some cases amounted to nearly 10 degrees 
Fahr. of superheat, was caused by a difference in the state of 
aggregation of the steam, which, having once been superheated, 
and correspondingly expanded, did not return to the density of 
steam which had not been superheated. This view was, in @ 
measure, substantiated by special experiments, which were made 
by furnishing the apparatus with steam superheated in one case, 
and not superheated in another. 

When steam which was not superheated was furnished to the 
apparatus the temperature of the drum did not exceed the theo- 
retical normal reading for dry steam. To obtain steam which was 
not superheated a special water-glass was attached to the boilers, 
and the water level was raised until superheating disappeared. 

To make one of the special experiments we started with the — 
water level of the boiler at the ordinary height, and therefore 


with superheated steam. Water was injected into the steam in a _ 


fine spray, and the excess was removed by the separator, placed _ 
just before the throttling valve leading into the superheating — 


drum. It was then found that the thermometer in the drum os 
would sometimes indicate 290 degrees or more Fahr., with steam 


at 80 pounds pressure, and with no superheating indicated by a_ 


thermometer placed in an ordinary mercury well inserted in the — 


steam main near the throttle valve. 

The theoretical normal reading for the back pressure which 
existed in the drum was about 283} degrees Fahr. 

The water level was then raised in the boiler, and a short time > 
after the steam furnished by the boiler had lost its superheat, the © 


reading of the superheating drum would fall to nearly that indi- _ 


cated by theory, or 283} degrees Fahr. This experiment was ~ 
repeated a number of times, with the same result. 
Experiments were then made with small calorimeters, with | 
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similar results. We were not, however, satisfied, and inserted a 
thermometer with an unprotected bulb in the steam-pipe just 
before the point at which the steam was throttled before passing 
into the superheating drum. This thermometer passed through 
a stuffing-box, and was held so that the high-pressure steam could 
not force it outward. 

The reading corresponding to saturated steam at 80 pounds 
pressure, which was the pressure used in the tests, was determined 
when in position before and after each test. It was found that 
superheating would be indicated by this thermometer for a con- 
siderable time before it would be by a thermometer placed in a 
mercury well, and it was found that much of the effect, that we 
at first thought was due to a difference in the state of the steam, 
was really caused by superheating, which thermometers placed in 
the ordinary forms of wells failed to indicate; and that this 
superheating existed, notwithstanding the fact that as high as 10 
per cent. of water had been injected and removed by the separator. 

It was after making these experiments that the apparatus 
shown on page 459 of my first paper was devised, the experiments 
on which proved that there was a difference of only three degrees 
of superheat after throttling for steam which was just at the 
point of superheating, and was, therefore, of the maximum dry- 
ness, and forsteam which was slowly condensing. This difficulty 
delayed us for over one month, during which the most of my time 
was spent in personal observation, and it is for this reason that I 
described it in detail, so that others may not have to go over the 
same ground. 

The statement is made that a throttling calorimeter tends to 
give too high quality of the steam, and is not as reliable a 
the steam-jacketed separating calorimeter. We should like tn 
much to see the experiments on which this statement is based, as 
it is not in conformity with our experience. If a throttling cal- 
orimeter is used by an inexperienced person, and no corrections 
are made for radiation or for the readings of the thermometers, 
there will certainly be errors; but we have failed to find any 
error in the principle involved, and have shown that the results 
obtained, when such corrections are made, or when the normal 
reading is determined by experiment in the proper way, are 
correct to within 4 of 1 per cent. 

In determining the normal reading by experiment, care should 
be taken that the nipple leading to the calorimeter is placed so 
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that no water can trickle into it, or fall through the steam and 
enter it. A discussion of errors that may enter in this way was 
given in the paper on “ Errors of Calorimeters.” * 

If a separating calorimeter is used, tests should be made on it 
to make certain that it separates all of the moisture from the 
steam. Mr. Barrus does this in his Universal Calorimeter, by 
passing the steam escaping from the separator through a throt- 
tling orifice. That the separator portion of the Barrus Universal 
Calorimeter is fairly efficient can be seen by observing the figures 
given in the Appendix of this paper, which show that with 5 per 
cent. of moisture in the steam entering the separator the steam 
that left it was dry ; whereas, with 60 per cent. of moisture enter- 
ing there was } of 1 per cent. of moisture in the steam which 
passed .from the separator. 


which water boils in a Babcock & Wilcox boiler are interesting, 
and, as he says, tend to bear out the theory that steam exists 
as steam, and water as water. 

Mr. Barnes states that the water in the steam can be found by 
a calorimeter, with the pipe to the calorimeter projecting half an 
inch or more into the interior of the steam-pipe. 


general it would be well to insert the nipple far enough to prevent 


box, as was done by Professor Denton, so that it can be adjusted 
to all positions across the pipe. 


* Transactions, vol. xvi., p. 460. 


The observations of Professor Goss in regard to the method in © 


In some cases 
we have found that the water will enter a nipple which projects 
a short distance upward into a horizontal pipe, apparently on 
account of the water splashing upward on striking it; so thatin) > 


such an action, or to employ a nipple passing through a stuffing- os 
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A NEW COAL CALORIMETER. 


Durine the last year we have had in use in the laboratories of 
Sibley College an instrument for determining the heating value 
of coals, which may be of interest to members of the Society, 
and which is described in the following paper. 

The general appearance of the instrument is shown in Fig. 284; 
a sectional view of the interior part is shown in Fig. 285, from 
which it is seen that, in principle, the instrument is a large ther- 
mometer, in the bulb of which combustion takes place, the heat 
being absorbed by the liquid which is within the bulb. The 
rise in temperature is denoted by the height to which a column 
of liquid rises in the attached glass tube. 

In construction, Fig. 285, the instrument consists of a cham- 
ber, No. 15, which has a removable bottom, shown in section in 
Fig. 285, and in perspective in Fig. 286. The chamber is sup- 
plied with oxygen for combustion through tube 23, 24, 25, the 
products of combustion being discharged through a spiral tube, 
29, 28, 30. 

Surrounding the combustion chamber is a larger closed cham- 
ber, 1, Fig. 285, filled with water, and connecting with an open 
glass tube, 9 and 10. Above the water-chamber, 1, is a dia- 
phragm, 12, which can be changed in position by screw 14, so 
as to adjust the zero level in the open glass tube at any desired 
point. A glass for observing the process of combustion is 
inserted at 33, in top of the combustion chamber, and also at 34, 
in top of the water chamber, and at 36, in top of outer case. 

This instrument readily slips into an outside case, which is 
nickel-plated and polished on the inside, so as to reduce radia-_ 
tion as much as possible. The instrument is supported on 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 


| 
‘ 
5 
| - 
| 
| 
| 


oiten of fel felting, 5 and 6, Fig. 285. A funnel for filling is provided — . 
at 37, which can also be used for emptying, if desired. ee 
The plug which stops up the bottom of the combustion cham- 
ber carries a dish, 22, in which the fuel for combustion is 
placed ; also two wires passing through tubes of vulcanized fibre, ; ae 
which are adjustable in a vertical direction, and connected _ 
with a thin platinum wire at the ends. These wires are con-— 


‘ 
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a nected to an electric current, and used for firing the fuel. On _ 
the top part of the plug is placed a silver mirror, 38, to deflect 
any radiant heat. Through the centre of this plug passes a 
tube, 25, through which the oxygen passes to supply combus- 
tion. The plug is made with alternate layers of rubber and 
asbestos fibre, the outside only being of metal, which, being in © a 4 
contact with the wall of the water chamber, can transfer little 
or no heat to the outside. 
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The discharge gases pass through a long coil of copper pipe, ; 
and are discharged through a very fine orifice in a cap at 30. 

The instrument has been so designed that the combustion can 
take place in oxygen gas which remains under constant pressure, 
regardless of the rate of combustion. In practice we have found 
that very excellent results have been obtained with 
pressures of 2 to 5 pounds per square inch, and 
these have been commonly used in our determi- 
nations. 

Two instruments have been built at the present 
time, which differ from each other somewhat in 
detail, but principally in dimensions. The first 
instrument held about 1 pound of water, and was 
intended for use with about 1 gram of coal. In 
that instrument the entire bottom of the water 
chamber was removable, and the whole of the 
combustion chamber. This form, while giving 
fully as good results as the one described, was 
more likely to leak, and, consequently, was diffi- 
cult to keep in good condition. The first form 
built employed an adjusting piston to regulate the 
initial reading of the water column, which, pos- 
sibly, may have been as good as the diaphragm 
used at present. 

The instrument described, which is of later 


A 
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cm ae design, holds about 5 pounds of water, and is 
ae Sp. large enough for the consumption of 2 grams of 
coal. 
Be, cor The temperature of the discharged gas was, in 
our first experiments, measured by a thermometer 
Bes ei. in the attached cup V, Fig. 284; later experiments 
ae prove this unnecessary, and the form in Fig. 285 has been finally 
<a adopted, as being simpler to construct and more convenient to 
; use. It is quite evident that this method of measuring the 
heating value of fuels will be also applicable to a bomb calo- 
rimeter, but it is very doubtful if such a construction will show 
any increase of accuracy over the form described, while it is. 
quite certain to be more difficult to use. 
ae re - Before the instrument was constructed, it was the intention to 
. ee calibrate the scale so as to give the results directly in heat 


a, a  unjts ; and for this purpose a thermometer with cup and special 
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appliance for stirring was to be employed. It was afterwards 
found out that the value of the scale could be obtained much 
more simply by burning different weights of pure carbon, and _ 
thus obviate any necessity for complicated corrections due to 
the specific heat of the various parts of the instrument. : i we 

This method is not, however, a novel one, having been em- 
ployed by Hempel,* the German authority on this subject, and _ 
also by Berthelot,t with the bomb calorimeters. Hempelrecom- | 
mends for this purpose the use of the carbon obtained by burn- _ 
ing recrystallized sugar; but we have obtained very uniformand _ 


consistent results by using a coke from which all volatile mat- BD 7 ce: 
ter had been driven off, and making corrections for the ash a ee ; 
which was left as a residue, after the burning. ee: 


By the combustion of different weights a calibration curve, __ 
coordinating B. T. U. and weights of fuel, is obtained, which has — = a5 
been essentially a straight line for the two instruments de- __ 
scribed. 

In case there is any change in the character of the heating or 
absorbing surfaces, a new calibration can readily be made at any _ 
time by preserving some of the coke first used in calibration. ; 

The value of 1 pound of pure carbon has been determined so 
accurately, and repeated so many times, that it provides avery _ 
convenient and accurate standard. This value is ordinarily 
taken as 8,080 calories, or 14,540 B. T. U. The latest value, as 
as determined by Berthelot, is 8,136.6 calories, 14,646.B.T.U., => 
a number above } of 1 per cent. higher than determination by 
Fabre and Silbermann and various other observers. 


ob tof PROXIMATE ANALYSIS OF COAL. 

We have found it quite easy to make a proximate analysis of | 
one sample during the time that another is burning in the calo- __ 
rimeter. Many of the operations which are necessary in the 
one case are helpful in the other, and the two results give, ina — 
measure, a check on each other. 

The method of making a proximate analysis has been pre-— 
| sented to the Society in a paper by Mr. Eckley B. Coxe, Past — 
President of the Society.t 


* Gas Analysis, translated by L. M. Dennis. 


sll + Traité pratique de Calorimetrie Chimique. 
eae Address, vol. xv., p. 37, No. 557. a 
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The method which we have employed has been very similar 
to that described, although it has been modified somewhat to 
suit our conditions. The method which is employed to such an 
extent for the proximate analysis of fuels in chemical labora- 
tories, that it may be considered in many respects a standard, is 
given in the following concise directions. 


““ DIRECTIONS FOR PROXIMATE ANALYSIS.*—COAL AND COKE.” 


_. The sample should be finely pulverized in a mortar, and then 
thoroughly mixed. 

Moisture.—Place the weighed sample (about 1 gram) i in a porce- 
lain crucible, and dry in an air-bath for one hour, at a tempera- 
ture between 105 and 110 degreesC. Weigh as soon as cool. 
Loss is moisture. 

Volatile Matter—Weigh about 1} grams of the undried pulver- 
ized coal, place it ina platinum crucible and cover tightly. 
Heat it for 34 minutes over Bunsen burner (bright red heat), 
and then immediately, without cooling, for 3} minutes over 
blast lamp (white heat). Cool and weigh. Loss, less the 
moisture, is volatile matter. 

Fixed Carbon.—If a coke be formed in the preceding opera- 
tion, make a note of its properties, color, firmness, etc., then 

‘place the crucible, with cover removed, in an inclined position, 
and heat over Bunsen burner until all carbon is burned—ie., to 
constant weight. The combustion may be hastened by stirring 

the charge from time to time with a platinum wire. Difference 

a: between this weight and last weight is the fixed carbon. 

: Ash.—Difference between last weight and weight of crucible 

the ash. 


TOTAL SULPHUR IN COAL AND COKE. 
Prepare a fusing mixture by thoroughly mixing two parts cal- 
gined magnesia with one part anhydrous sodium carbonate. 
- Determine the sulphur in the mixture. 
-- Thoroughly mix 1 gram of the finely pulverized coal with 1} 
eat _ grams of fusing mixture. Heat over an alcohol lamp, in an open 
Bs _ platinum or porcelain crucible, so inclined that only its lower half 
a be brought to a red heat. The crucible should not be over 
mi 4 or § full, and the heat should be gentle at first, to avoid loss 


* See Crooke’s Select Methods, 2d edition, pp. 595-607. 


4. 
“WA 


et 


A NEW COAL CALORIMETER. 


upon the consequent sudden escape of volatile matter, if present 
in large amount. Raise the heat gradually (it must not at any 
time be high enough to fuse the mixture), and stir the contents 
of the crucible every five minutes with a platinum wire. The 
oxidation of the carbon is complete when ash becomes yellow- 
ish or light gray (about one hour). Cool crucible, add 1 gram 
pulverized NH.NO, to the ash, mix thoroughly by stirring with 
a glass rod, and heat to redness for five to ten minutes, the cru- 
cible being covered with its lid. ; 

Cool, digest the mass in water, transfer the crucible contents 
to a beaker, rinse out the crucible with dilute warm HCl, dilute 
solution in beaker to about 150 c. c., acidulate with HCl, and 
heat almost to boiling for five minutes. Filter and precipitate 
the sulphuric acid in filtrate by BaCl, in usual manner. 

Phosphorus.—lf present, it will be found in the ash. Ignite 
about 10 grams of the coal in a large platinum crucible, and de- 
termine the phosphorus in the ash in the usual manner. (See 
Fresenius, p. 741.) 

In the mechanical laboratory it has not been practicable to | 
determine, during the past year, either the sulphur or phos- __ 
phorus. These quantities are not usually of importance, unless 
the coal is destined for certain uses, where these ingredients 
would be harmful, and as the determination would require much | 
more time than that of all other processes in the proximate 
analysis, and including the calorimetric determination of heat- = 
ing value, it was not considered advisable to introduce it. ie 

The operation followed in the mechanical laboratory in the | 
proximate analysis of coal has differed principally from that — 
described, first, in the use of larger samples ; and second, in the ~ 
use of porcelain instead of platinum crucibles. The use of larger 
samples was undertaken principally for the reason that we could | 
weigh, with sufficient accuracy for engineering purposes, on a 
Brown & Sharpe scale reading to ten-thousandths of a pound, 
and were not obliged to resort to chemical balances. | 

Where the quantity was as small as 1 gram, the weights had 
to be taken on delicate chemical balances. These balances, 
while very accurate, are extremely sensitive, and require the 
utmost care and patience in order to get results which are 
correct within 1 per cent. ix 

In the substitution of porcelain for platinum crucibles a 
great many experiments were made, and it was found that in 


q 
> 
@ 
ie 
4 
| 
4 
ve 
Lem 
4 


1046 NEW COAL CALORIMETER. 


every case the results obtained with the porcelain crucibles were 
substantially in accord with those given by the platinum, and the 
writer could not find, on consultation with chemists at the 
university, that there was any theoretic objection to the use of 
porcelain. In fact, it was generally regarded as superior, for 
several reasons, of which may be mentioned, less first cost and 
less liability of injury by the fusing of particles in the coal 
when over the blast lamp. In the determination of the volatile 
matter the same general directions were followed as given, but 
instead of subjecting the fuel to the heat for any definite length of 
time, the conclusion of the operation was known by change of 
color in the flame. The flame would be yellow or yellowish so 
long as any volatile matter remained ; it would then die down, and 
when the carbon commenced to burn would be decidedly blue. 
The operation was always stopped when the blue flame appeared. 
The crucible employed is made of Royal Meissen porcelain, and 
provided with cover. It has a capacity of half an ounce, and 
costs seventeen cents. During the operation the cover is fitted 
snugly in place, and the gases escape around the edge, and are 
kept burning. 

The percentage of ash is determined by weighing the residue 
which remains after combustion in the calorimeter. The burning 
of the fixed carbon requires a long time when performed in the 
air, but in the calorimeter the operation is performed very 
quickly and very accurately, so that the total time required to 
determine the proximate composition and also the heat values 
of asample of coal need not exceed twenty or thirty minutes, for 
a person familiar with the operations. 


METHOD OF USING THE CALORIMETER. 


The method of using the calorimeter, supposing that oxygen is 
available for ctiesvention, and that an electric current can be 
~ obtained for lighting the coal, is as follows : 

1. Select an accurate sample by a system of quartering, which 

Reo shall commence with a very great amount, if possible, and finally 

1a ee _ terminate with a very small fraction of a pound. (See paper by 
Mr. Coxe.) 

rs 2. Reduce to powder by grinding in a mortar, or in a mill, as 
explained by Mr. Coxe, sufficient coal for several samples. 

3. Introduce the sample into a small porcelain or asbestos cup 
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and weigh accurately. This operation will usually have to be 
performed on a fine chemical balance. 

4, Introduce the sample into the calorimeter, (a) start the 
oxygen gas flowing ; (0) fire the charge, which should be done by 
_ pressing on a key; (¢) at instant coal is lighted, throw off the 
- eurrent and note the reading of the scale. By noting this, after 
firing, the correction for heat from electric wire is made by 
simple subtraction. 

5. Watch the combustion, which will usually require about 
five minutes for each gram of coal, and when completed note the 
scale reading. The water on the scale will rise about 15 inches 
for the amount of coal usually burned. 

6. To correct for radiation note the amount the water in the 
column has fallen for the same time as required for combustion ; 
add this to the former reading to get the total number of heat 
units. 

7. Divide the value as shown on the scale by the weight in 
pounds of the sample burned. The result will be the value in 
B. T. U. of 1 pound of coal. 

8. Remove the dish in which gombustion took place, weigh 
it carefully with and without contents. If the combustion has 
been perfect the difference of these weights gives the ash. 

Wipe combustion chamber dry for another determination. 

9. To prepare for another determination, remove the calorim- 
eter from the outside case, and immerse in cold water, care 
being taken to prevent any water entering the oxygen tubes or 
combustion chamber. 

This method is preferable to emptying the calorimeter and 
adding fresh water each time, since the air, which is always 
present in water, will affect the results, and is a difficult ele- 
ment to remove. The operation of cooling takes but a few 
minutes and is easily performed. 

The cup in which combustion takes place in all determinations 
at Sibley College has been, up to the present time, made by 
wrapping sheet asbestos around the end of a cylinder about one- 
half inch in diameter, the cup shape being preserved by gluing. 
This cup was then introduced into the fiercest flame of a blast 
lamp until all combustible matter was burned out, and until no 
further change in weight could be made by heating. This cup 
has, so far, proved very successful ; its non-conducting qualities 
has permitted combustion to take place up to its very edge, 
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and no trouble whatever has been experienced in securing per- 
fect combustion, with a powdered sample either of anthracite 
coal, coke, or bituminous coal. 
The preparation of a sample for combustion has been the 
- subject of a good deal of experimentation. For a long time we 
- followed the method recommended by Hempel, which consists 
first powdering and then re-pressing in a mould. This method 
worked well with bituminous coal, but was a failure with anthra- 
cite ; besides, it involved a good deal of labor. Pe sf 


EXPERIMENTS WITH OTHER FORMS. 


The methods of coal calorimetry have been the subject of 
rt ee - almost constant experiment in the laboratories of Sibley Col- 
aa A lege for the past three years, but until the past year the instru- 
| ments employed were those which have been long in use ; it may 
_ be a matter of some interest, however, to give a synopsis a what 
ae “J has been done, although it cannot be claimed that much has been 


Fia. 287. 


_ _ The investigations made, in the general charge of the writer, 
were subjects of graduation theses of C. L. Hoyt and J. F. Mac- 
Gregor in 1891-2, of H. G. Geer and W. L. Garrels in 1892-3, 
of C. H. Bierbaum, M.E., in graduate work in 1893-4. 
, _ The instruments tried, regardless of order, have been as fol- 
lows : 
1. Thompson’s calorimeter, shown in Figs. 287 and 288. This 
instrument provides an approximate method of determining 
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heat value which is often quite satisfactory with bituminous i : 
coal, but, so far as the writer’s experience goes, is of no value | 
with anthracite coal. 

It consists (Fig. 287) of glass jar, H, graduated to contain 1, 934 
grams of water (twice latent heat of steam at 212 degrees). In 
this are inserted, 1, a thermometer to indicate rise of tempera-_ a; 
ture ; 2, a combustion chamber, G. 

The combustible, 2 grams, is powdered and mixed as thor- 
oughly as possible with 22 grams of a very dry mixture of 3 
parts potassic chlorate with 1 part of nitrate, and inteoduced. 
into a small copper furnace, /’, provided with a fuse. * 

The furnace, F,is placed beneath the combustion chamber, G, 
and fired, the gases escape through holes in the bottom of “a 
combustion chamber and rise through 
the water, escaping at the top, somewhat 
as shown in Fig. 288. In order to geta 
more intimate mixture of the escaping 
gas and water, we used baffle plates on 
the combustion chamber, and also very 
fine wire-gauze netting. Instead of firing 
with a fuse, we fired with an electric 
current. 

With this instrument the rise in tem- 
perature of the water at beginning and quam 
end of experiment, in degrees, gives the 
evaporative power of the coal in pounds CALORIMETER 
of water from and at 212 degrees, pro- _ % ong 


vided the water and coal are used in the  taegong 

proportions stated. If other proportions ! os. 
are used the results will need to be worked out by the methods — oa a) Me 
employed with other calorimeters. | 

2. Berthelot’s bomb calorimeter, Hempel’s modification. This 
instrument has been used in Germany by the chemist Hempel — Baers 
with great success, and appears to the writer to be the most — a 
promising of the bomb calorimeters. All the bombcalorimeters, 
including the original, as made by Berthelot, and modifications, — 
as made by Mahler, Hempel, and Donkin, consisted of a very ~ 
strong closed vessel, the bomb, into which the fuel is placed, — 
and which is then charged with oxygen under a very great 
pressure (8 to 15 atmospheres). The fuel is fired with an elec- 
tric spark, and the combustion takes place with great excess 
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of oxygen. During combustion the bomb is placed in a vessel 
filled with water, which is kept thoroughly agitated, and the 
rise in temperature noted by a very delicate thermometer. 

The value of the fuel burned is determined from the rise in 
temperature of the water, taking into account its weight, and 
also the weights and specific heats of all parts of ‘the calorim- 
eter. The latter operation is a very delicate and complicated 
one, requiring the utmost skill on the part of the observers, and 
the most delicate instruments for obtaining temperatures and 
weights. 

The bomb built by Berthelot was lined with platinum, that 
built by Mahler with a porcelain enamel, that by Hempel is not 
lined at all. Hempel made a large number of investigations to 
determine the loss of heat due to oxidization of the inside of 
the calorimeter, and came to the conclusion that the loss due to 
this cause was unappreciable, and much less than unavoidable 
errors due to weighing and measurement of temperature. 

Mahler collects the nitric acid formed as a result of combus- 
tion, and deducts the heat liberated in this combination. As 
this seldom exceeds 1 of 1 per cent. it seems an entirely un- 
area proceeding, especially for engineering purposes. _ 

BE yr is 
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se he The oxygen can be purchased in cylinders under pressure, or 
it can be manufactured as required. Hempel attached a cruci- 
ble, C (Fig. 289), to his calorimeter, and made the oxygen as re- 
quired, by heating a mixture of dioxide of manganese and 


chlorate of in 1 equal parts. The instrument shown, 
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_ with crucible for making oxygen attached, in Fig. 289. Before 
making the oxygen the fuel is inserted in the calorimeter, the 
crucible connected, and the oxygen made until a pressure of 


150 pounds was shown on the attached pressure gauge. Oru- 


_ cible and gauge are then removed, a cock, not shown, being 


closed to prevent escape of oxygen. 
The bomb is then placed in a vessel containing water, and 
provided with stirring apparatus and delicate thermometers. 
A section of the bomb and enlarged view of the cap, with con- 
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A sectional view of Mahler’s calorimeter, with detached bat- 
tery for firing and tank filled with compressed oxygen, is shown 
in Fig. 291. 

A form of calorimeter very much like the Mahler is shown in 
Fig. 292, and has recently been made by Bryan Donkin & Co., 
London, England. 

The only objections to the bomb calorimeter arise from the 
tediousness of the operations, and the great delicacy with which 
all operations must be performed. The extremely high press- 
ures to which the instruments are subjected render them very 
liable to leak, and great care must be exercised in putting the 
parts together, also in perfectly cleaning the apparatus after pre- 
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nections for firing, are shown in Fig. 290 
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Mahler's Calorimetric Apparatus for determining the heating power 


of combustibles.—A, water faucet ; 2, bomb of enamelled steel : 
ignition ; G, support for stirring apparatus ; K, stirring mechanism; 
L, lever for stirring ; 1, manometer ; O, cylinder of oxygen; P, bat- 


platinum tray ; D, calorimeter vessel ; H, electrode ; F, iron wire for 
tery ; 9, stirring apparatus ; 7, thermometer; Z, clamp. 
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Other have been tried. One shown in 
293, was copied, on information supplied by Mr. L. S. Marks, 
from one used by Prof. Robert Smith, of Ma- | 
son’s College, Birmingham, in some determi- 
nations of heating values of coal. The form 
shown has details* as arranged by C. H. 
Bierbaum, M.E. 
The instrument is a modification of the ane ; 
Thompson calorimeter, but the fuel, instead — oe 
of being burned in a chemical which disen- _ 
L, oxygen, is burned in oxygen gas under 
slight pressure. 
It consists of a bell glass, /, supplied with. 
a glass tube at top, through which pass the 
oxygen for combustion and also the vy eae < 
for carrying the electric current for firing the __ 
fuel. The bell glass can be raised or lowered, 
as required, and the fuel is placed in the jar — 
from below. The products of 
combustion escape through the 
surrounding water, as in the 
Thompson calorimeter, and Tube for Oxygen 
the heating value of the fuelis — 
determined by the rise in tem- 
perature of the water, multi, rit, 
plied by its weight, plus the = 
water equivalent of the calo- 
rimeter. That, divided by the 
weight of coal burned, gives 
the heating value per pound. ==> 
Very delicate thermometers 
were used, and also a stirring 
apparatus for mixing the water, __ 
The glass vessel, permitted 
the process of combustion to 
be seen at all times, which I~ 
consider of advantage, as we 
found it difficult in many instruments to tell when combustion 
began or closed. 


Fie. 298. 


* This is quite similar in method of operation to one described in vol. xiv. of 
Transactions, by Mr, Geo, H. Barrus. 
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Some experiments were also made on calorimeters having very 
large coal capacity and which were immersed in large tanks of 
water. One of these forms, designed by Mr. William Kent, con- 


pipe, all of which was immersed in a large tank of water during 


were never exactly sure of securing perfect combustion, with 
air, which had to be used, on such a large scale. There is little 
doubt, however, but what, under certain circumstances, this 
instrument might be made to give valuable results. 


EXPERIMENTS MADE WITH NEW CALORIMETER. 


In the educational work of Sibley College, it was rather 


students without much previous training, which would not 
consume too much time in preparation and in using, and which 
would give results accurate within 1 or 2 per cent. 


rimetric purposes generally, one gram of coal is burned, and this 
heat is absorbed in from 1,000 to 2,000 grams of water, so that 
the most minute errors in determining the average temperature 
of the water affect the results very greatly. 

This is the same problem that produces such irregular results 
in the use of the barrel calorimeter for determining the quality 
of steam, as was discussed in a paper by Professor Denton.* 


mixture of water as regards temperature are very great, and, in 
the second place, the methods of measuring minute portions of 
a degree with a mercurial thermometer must always be open to 
suspicion unless instruments of very great value are employed. 
A mistake of a single degree in measuring the average tempera- 
ture of the water with calorimeters of ordinary. proportions 
would mean an error of about 2,000 B. T. U. per pound of coal 
in the results. While an error of this magnitude is not likely to 
be made, an error one-fifth as great is quite probable. 

The instrument which has been described has filled all re- 


* Transactions, vol. x., page 373. 


the process of combustion. This was a very promising instru- 
ment, but it was rather difficult and costly to manage, and we © 


necessary to obtain an instrument which could be handled by - 


The difficulties required to secure, in the first place, uniform 


sisted of a combustion chamber and a long coil of 2-inch copper © ig 


The requirement just stated is not met by any of the older | 
forms of instrument described, since much skill and time are 
required in the preparation for use, and a great deal of compli- 
cated calculation is necessary in reducing the results. Forcalo- _ 
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quirements satin well, and during the past year has been ~ 
subjected to such handling as would best develop its defects — 
and determine its accuracy. In using it during the past term, ie 
the students were given samples of coal whose heating values — 
were well known, and in this way an opportunity was presented 
of comparing the results of inexperienced and untrained men, 
Such operations were repeated day after day during the entire — 
term, each group of two students making the proximate analysis _ 
and determining the heat value as explained. The time me . 
for both these operations rarely exceeded half an hour, and the © x “pane 
results obtained agreed well within the expected limits of error. __ is ‘i 
The instrument can readily be read to 10 B. T. U. per pound of i 
coal, but the with ordinary handling is probably about 
100 B. T. U., or ¢ of 1 per cent.* 
In fact, the errors made were generally of such character that _ 
we could reasonably suppose they were principally due to es 
mistakes in obtaining weights of the samples. * 
The only difficulty that has been experienced in its use has | a 
been that due to the collection of air in the top part of the _ 
apparatus. This has in some instances been difficult to re-— 
move, and has always rendered it necessary, when first starting — . oS 
to use the instrument, to exercise considerable care. It seems — 
very certain, however, that a slight change in the top of the 
device will make it of such form that it will be impossible for iz 
air to remain after the pressure is applied, since it will be | 
quite easy to arrange the open tube in such a manner that all — ; 
air caught in the instrument will pass directly out through the — = as 
tube. This, I-believe, has been the only difficulty experienced 
with the second form of instrument, and was not noticed at all ae 
with the first, in which a piston was used instead of adiaphragm = 
for adjusting the initial reading in the water column. For many a 
of the details of the apparatus in its present form, the writer is _ be “oe 
largely indebted to Mr. C. E. Houghton, M.E., who has had st 
charge of the educational work relating to it. ah 
The following table gives the results of tests made for the ra 
heat contained in 23. samples of coal, by B. T. Flory and E. M. | Es ay 
Gilbert, two students in the graduating class, Sibley ce tn oe 
These samples were, in some cases, selected especially for the 
purpose of analysis, 
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determined. At least two analyses and two determinations 
_ in the calorimeter were made of each kind of coal, and if these 
results differed from each other more than 1 per cent., which 
was very nearly the probable error of weighing, other deter- 
-minations were made. In nearly every case the determinations 
‘Oa made with ~ calorimeter gave results which did not differ from 
the average 3 of 1 per cent. 
. ier It may be said that extreme accuracy is not claimed for the 
instrument, but our experience would indicate that it is one con- 
venient to use, and not subject to greater errors in results than 
that due to the selection of sample. 


Per 
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er cent 
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Name or Coat. Locauity. 


Per cent. 
cent. 
Average Ash. 
Per cent. 
Calorimeter. 
Value B. T. U. 
Average Spe- 

cific Gravity. 


Ave 


*Cooperstown Bituminous ...|Nova Scotia... 
Bernmut Coal 
Reynoldsville Bituminous....|Rey’ldsv’e, Pa. 
Nova Scotia Bituminous ...|Nova Scotia... 
Slope No. 2. 
Gillespie Bituminons.... Gillespie, Til. 
Leiseuring situminous ...|/Conn’ sville,Pa. 
Bituminons....|Monon.Riv.Pa. 
Bituminous... .|Clear’d Co.,Pa. 
Bituminous....|New Blossburg 
.|Anthracite ....|Scranton, Pa.. 
Anthracite... .. 
.| Anthracite.....|Wilkesbarre... 
Anthracite ....|Scranton 
Anthracite .... 
Anthracite.....|Drifton, Pa.... 
; Slate removed. 
Coxe’ Anthracite.....|Drifton, Pa.... 
Slate removed. 
Woodward Anthracite ....|/Scranton, Pa.. 
No. 11, Anthracite... 
Continental .......|Anthracite .. 
L. V. Anthracite 
Anthracite ....|Pottsville...... 
.|Anthracite....|Scranton 
D.L. W. 


Carbon. 
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92909 Average Vola- 
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* Sample obtained from Canadian Pacific R.R. 
Nore.—Oxygen can be made as. described for the Hempel calorimeter, or it can be purchased, 
compressed under great pressure, of the New York Oxygen Company. 


- oe Prof. R. H. Thurston.—A new calorimeter is one of the most 
4 imperative needs of the mechanical engineer at the present 
moment. Chemical analysis, if accurately performed by skilful 
ee hands and an experienced chemist, gives results which may be 
ms _ taken’ as absolute for the purposes of the engineer; but it is 
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and inconvenient, if not impossible, except where 
the facilities of a first-class laboratory are to be found. It deals Are fies 
with small quantities, comparatively, and is thus less certain to — 7 
represent fair average quality than if dealing with larger weights. 
It is rarely practicable for the engineer to avail himself of it, and 
then, as a rule, only by sending his samples to an often distant 
laboratory, and submitting to all the annoyance of securing his 
results at second-hand, and in course of business with another 
party. The “bomb” calorimeter is a manageable piece of appa~ — 
ratus in the hands of any one who has had the training of the — 
modern laboratory; but it implies, also, a tedious and trouble- ; . 
some process of determination of the calorific value of the fuel, 
and is subject to many possible, though perhaps small, errors. 
The work is usually performed by the ‘chemist i in his laboratory, NS: 
and, wherever done, takes much time and a skilful and trained _ 
manipulator. The complete and exact determination of the calo- — Mi 
rific value of a single specimen may consume hours. It requires 
some special apparatus, and is one of those fine processes which — 
scientific men delight in, as giving opportunity to exhibit their 
skill in nice measurement and ability in the minutiz of precise oe 4 
checks and balances, and measures of delicate quantities. ane 

The Berthelot bomb, whether constructed by Berthelot himself, __ 
by Hempel, by Donkin, or by Mahler, is substantially the same _ 
type of instrument; all its forms are of precisely the same value, 
involve exactly the same operations, and are equally tedious and 
troublesome. It is ingenious and simple i in theory, and, in —: 
sense, in its process of working ; but it is not one of those pieces ~~ 
of apparatus which the engineer aspires to add to his outfit for — ' 
steam-boiler trials. 

It has seemed to me that the instrument here described, as con- ae reat 
structed and used in our Sibley College laboratories, might prove — ‘ hs 4 
to possess many advantages. It is simple, easily managed, wens 
paratively i inexpensive, is accurate, and, above all, quick in action, 
and gives results in minutes which require hours for their acquisi- 


tion with the bomb. It has a long scale—in fact, any length — a 


engineer may be assured. The instrument requires a supply of 
oxygen; but it employs it under low pressures, and the anxieties 
and risks, so far as they exist in the case of = bomb, are thus i 


Where the scale can be made one or two, or more, feet long, it ee % 
may be fairly inferred that all tl ccuracy demanded by the pee? 
pice 
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evaded. We have had no accidents with coal, and our only e: ex- 


plosion, a harmless one, came of the attempt of an inexperienced a 
operator to test a sample of petroleum. The Carpenter calo- Ne 
rimeter has become the standard apparatus of Sibley College for 
this class of work ; and experience—a long experience now—indi- 


cates that it may be relied upon, that it is thoroughly satisfactory, 
and a great advance upon the older forms. A limit of accuracy, 
in everyday use, of one-half of one per cent., may be taken as very 
good indeed. 

The matter assumes large importance in view of the recent de- 
velopments of our methods of boiler and other efficiency deter- 
minations, where combustibles are to be tested, and some such 
process will, I presume, be introduced into the codes of boiler- 
trial adopted on both sides the Atlantic. One or more of the 
now standard methods of calorimetry of fuels should, in my 
opinion, be described and advised in our Code, and the engineer 
following the Standard Code will demand at once the best and 
simplest “and most accurate methods, or he will decline to make 
calorimetric determinations at all. He can already use the bomb, 
and instructions for its use are accessible in the books of Dennis 
and of Berthelot. The results of our own experience would seem 
to indicate that none of the older methods are likely to find 
wide adoption among engineers in general practice. Specialists, 
fitting up for boiler work with all the apparatus of a modern 
chemical laboratory, will perhaps be able to do such work satis- 
factorily with the bomb. 

Mr. Gus. C. Henning.—The apparatus discussed in this paper 
is undoubtedly one which will be a very valuable adjunct in de- 
terminations of economical values of fuels, as well as in efficiency 
tests of boilers. It seems to me, however, that it has not yet been 
calibrated in a manner which makes the results obtained entirely 
reliable, except under the conditions under which it was calibrated 
as described in the paper. 

The essential conditions described in the paper under which 
this instrument has been calibrated are: first, that the rate of 
combustion was constant; second, that the rate of dissipation of 
heat wasconstant; third, that the rate of outflow of gases of com- 
bustion was also uniform. 

Nothing is shown or given in the paper to prove that the appara- 
tus will give uniform or accurate results when these three condi- 


he 
al 
* 
‘ 
~~ 
| t- 2 
| 
3 


~ 


A NEW COAL CALORIMETER. ~ 


As there is no agitator, the vessels and water will change their __ 
relative volumes in accordance with the rate of heat evolutionand —__ 
the time of passage of gases through 28, 29, 30, 31. 
As long as pure C was used, the rate of combustion was uni- 
form, and also the rate of generation of gases; these remain the i ; 
same, although different quantities of C were burned, and propor- _ 
tionate numbers of calories, or heat units, were generated. Then, 
knowing the total heat units in pure C, the scale can be so divided 
as to give correct results for pure C. Lae 
But as soon as other fuels are used, such as oils, napthaline, or __ 
poor coals, then the rapidity with which heat is generated is quite = = =—— 
different, and I cannot admit that the scale madefor pureC holds 
true. 
As the C burns gases are formed, which are forced through __ 
the coil, and leave by the orifice, 30. Now, when this rate of flow 
of gas changes, then the amount of heat absorbed by the water, 
or radiated from the coil and combustion chamber, varies. Of _ 
course, the thermometer 7, Fig. 284, would be of no material use a 
when pure C is burned, as the flow of gases would then be con- | 
stant, and readings should be so if the apparatus is correct or reli- 
able. 
As total heat units in coals vary from 12,000 to 15,500 (approxi- 
mately), there is so much difference that the scale on the instru- 
ment may readily give misleading results. The richer coals burn 
rapidly, and the gases would be driven off much more rapidly than — 
when a lean coal is used, and this should be the cause of varia- — 
tions in heat determination of bituminous coal, anthracite coal, and _ 
of coke. a 
The rapid combustion produces higher temperatures and more __ 
rapid flow of gases, hence less time for radiation of heat to Se | 
expand the combustion-chamber water; while lean coals produce _ 
lower temperatures, but allow greater ‘length of time for flow of uF 
gases, and therefore more thorough radiation of heat. Now, with- ra 
out an agitator this difference may become a considerable factor. _ 
To show how many errors can exist in a calorimeter, I would — Py 
refer to a most able and scientific investigation of the Berthelot- © 
Mahler calorimeter, by Dr. A. M. Mayer, in the Stevens Indicator = 
of April 15, 1895. a 
I do not wish to detract from the able work reported by Pro- a la 
fessor Carpenter, but I do think that further tests should be made > Ee ; 
to determine the action of this calorimeter when different kinds of ae 
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coal are used. It seems to me that this can only be done by such — 
investigation as that by Dr. Mayer, and should be done on each __ 
individual calorimeter before it is put to a practical use. 

For this purpose it will become necessary to determine the radia- 
tion and absorption of heat of all parts of this instrument, by a 
use of specific heats of all its elements. 
ae it is pointed out in the paper that the amount of air in the 
coher ie water is a serious source of error 
in the instrument, and that 
therefore the same water should 
be used over and over again. 
This air has very much to do 
with the rate of heating of the 
water and also with its expan- 
sion under effect of heat ; heat- 
ing, furthermore, causes an 
escape of air from the water, 
and this vitiates the readings of 
height of column in tube 10. 
To avoid this as much as possi- 
ble, freshly distilled water 
should be used, and care taken 
not to mix air with it in filling 
the chamber ; instead of using 
a funnel, 37, the chamber should 
be filled by means of a tube 
from below, expelling the air 
through tube 10, as at 37, Fig. 
294. It seems to me that the 
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apparatus shown in Fig. 285 
does not provide means for 
Fie, 294. expelling all “of the air in 


the chamber, and for this purpose the roof of the chamber 
should be conical, as shown in Fig. 294, and the adjustment ob- 
tained by making the bottom flexible, as at 11 (Fig. 294), and pro- 
viding an adjusting screw, 14 (Fig. 294), which changes the height 
of column of water in tube by raising or lowering the bottom ; 
the tube 10 should be located at the highest part of the top, to 
catch all air, while tube 37 (Fig. 285) should be removed, and 
should be placed as at 37 (Fig. 294), as it will act as an air trap, 
and there are no means of telling when there is air in it or not. 
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It also seems to me that the instrument would give more 
accurate results if a liquid were used which does not vaporize at 
ordinary temperatures, and which at the same time does not 
absorb air as rapidly as water, and, moreover, whose coefficient 
of expansion is much greater than that of water. 

It is also possible that the apparatus would give more reliable 
results and be more responsive if the gases of combustion issued 
into a coil which leaves the bottom of the combustion chamber, as 
at 28, Fig. 294, so that the liquid in the bottom of the chamber is 
heated more than seems possible in the form of instrument shown 
in Fig. 285. 

Prof. D. 8. Jacobus.—I would like to ask Professor Carpenter. 
how he allows for the latent heat of the vapor which passes off in 
the products of combustion. 

Professor Carpenter—In regard to the method of making a 
calibration, I might say that we calibrated at all possible rates of 
combustion, and thus we got a calibration curve from which all 
results were taken. Mr. Henning refers to the effect of air, but 
magnifies very much the difficulties which arise. In fact, in the 
present form of instrument this trouble has been obviated by the 
conical form of the top. I think he has made some suggestions 
that would lead to some improvements in details of construction, 
which, with his consent, we may adopt. The coil for discharge 
gases is led out of the top of the combustion chamber; the tem- 
perature of the water in the calorimeter is never allowed to rise 
over 70 degrees. This coil is very long, about 16 feet in length, 
and kept on a continual grade, in order to allow the water of con- 
densation, which occurs in every case during the burning of bitu- 
minous coal, to drip back into our combustion chamber, so that 
we could remove it. In that way all heat that we could lose 
would be that carried out by the gases at the normal temperature 
of the water. As the volume and pressure of the gas used are 
known, this can be easily computed. 
Professor Jacobus.—In calorimeter work, where sufficient moist- 
ure is produced in combustion, it is usual to assume that the prod- 
ucts of combustion are saturated with moisture. The question 
was, How do you allow for that in this instrument ? 

Professor Carpenter.—The question is, the loss due to saturated, 
vapor. We have not usually considered this loss, as our oxygen 
was supplied in a saturated condition, and it has been in every 
case very small. We could very easily do it, however, as tem- 
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peratures ~ volume of the oxygen used are ann: I might say, 
in relation to those corrections regarding specific heat, to which 
Mr. Henning refers, that we have figured them out quite care- 
fully, but have found the results of little practical importance. 
The difficulties regarding air in the calorimeter are practically 
obviated by making the top cone-shaped instead of flat, although 
it did make us a good deal of trouble in the early form ; in fact, 
it has really been the only serious difficulty that we have met in 
its use. 

Mr. Henning.—I do not think you understood correctly my 
criticism in regard to the rate of the discharge of heat. Of 
course, we know that when pure carbon is taken and burned, 
using varying quantities of it, you will get more or less heat, but 
not a different rate of combustion, and the gases you drive off 
are exactly the same in every case. Now, if you take a lean 
coal, or one which contains other materials, the rate of burning 
will be much slower, compression in the chamber will be less, 
according to the fuel which is used, and the result will be that, as 
the gases pass through the tubes at a different rate of flow, the 
results may materially change. Of course, I know that the effect — 
on results of the heat generated by combustion is eliminated 
and lost, because the same loss occurs when pure coal is burned. 
The heat units in pure coal are known, and, knowing what read- 
ings this instrument gives, any other fuel could be burned in it. 
Now, knowing that burning one gram of pure carbon raises the 
column of liquid up to the top notch of the scale, and simply — 
marking that point 15,000, because it is known that the pure 
carbon used ought to give 15,000 heat units, then, if that reading 
is obtained with another fuel, it will be known to generate the 
same heat units. If any heat were left in the instrument, the 
water on the scale would simply stand a little bit higher. I 
understand that.. But the rate at which those gases are driven _ 
off will change the rate of absorption of heat in the water, and | 
therefore I think the instrument must be calibrated for slow- 
burning fuels as well as for carbon. 

Professor Carpenter.—I would say that if we had considered 
the effects of different rates of combustion on the rates of flow, 
which Mr. Henning mentions, in the beginning of our work, 7 . 
would have saved us six weeks of time. We did discover it after 
we got to work with different fuels, and found that the rate of — 
combustion affected the pressure and the rate of flow of the dis- — 
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charge gases, and, consequently, had very great effect on our re- 

sults. But we finally got a method which I did not mention’ in 

the paper, as at the time I considered it as pertaining more to the 
supply of oxygen than to the combustion of fuel. This entirely 
compensated for that loss, and afterwards we were enabled to 

get perfectly uniform results in every case. Our discharge orifice 

is very small, and in the extreme end of the coil; .the combustion 
chamber is connected with a large tube leading to an oxygen 

tank, which was arranged in such a manner—I think I can show 

by my sketch (Fig. 295)—that we had, during the combustion, 

and no matter at what rate combustion took place, a perfectly 
uniform pressure on the gases ie . ae 
in the combustion chamber; ZZ 
that is, if it took place at a | 
higher rate, and generated 
more pressure, it simply pressed 
backward and up into our oxy- 7 
gen tank, and if it took place Ms fds 
at a slower rate the oxygen itt 
tank pressed on that. So that re. 
the pressure in the combustion 
chamber was perfectly uni- 
form, regardless of the rate of 
combustion. I should have 
mentioned this construction in 
the description of .the calo- 
rimeter, but I did not at the 
time consider it of much importance. This, I think, answers all 
inquiries. 

I may say that the remarks of Mr. Henning call attention to eS 
losses which are of considerable magnitude, and I must admit — 
that it is not complimentary to myself that I did not discover the — 2 
magnitude of these errors until the calorimeter had been con- 
structed and put in actual operation. 

The other errors mentioned are all small ones, and can, if neces- 
sary, be determined, and the necessary correction easily made. — 
The errors due to effect of specific heat of the various parts of _ 
the instrument are all easily measured by the methods in use with = 
other calorimeters, but I think are more accurately determined 
by the method of calibration described. 

It should be noted that the instrument is not presented as one 
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with the minute accuracy which is presumed to be obtained by 
some of the other instruments; but if one were to burn the same 
kind of coal several times in succession in this and in the other 
forms, he will be surprised at, first, the lack of uniformity in his 
results with the others when the heat is measured by a thermome- 
ter immersed in a jar of water; and, second, at the uniformity 
which is secured by the present instrument. 

Mr. Kent.—Professor Carpenter stated in his first remarks that 
his investigations went to show that there was no relation be- 
tween the approximate analysis of coal, as I understand, and the 
calorific value. 

Professor Carpenter—The remarks were restricted to bitumi- 
nous coal, as the anthracite coal has a value proportional to the 
fixed carbon, very nearly. 

Mr. Kent.—About three years ago I made a study of Mallet’s 
results in the French memoir, which I plotted in a curve, the base 
line being the amount of fixed carbon in the coal—the different 
bituminous coals—and the ordinates the heating value, and I 
found a remarkably close relation. I gave a brief account of 
this in our Zransactions, vol. viv., p. 822. 

Professor Carpenter.—They were foreign coals, were they not? 
Mr. Kent.—They were foreign coals. It was really a remark- 

able curve that this made, with a very slight deviation of any 
individual coal from the: curve—not over 3 or 4 per cent. I should 
not wonder if the same things would happen with American coal. 

Professor Carpenter.—There is a large number of complete 
analyses of American coals given in a book by Grove & Thorpe, 
and by consulting those you will see that the volatile matters some- 
times contain as much as 20 per cent. of oxygen, and then, again, 
less than 4 per cent. As oxygen is not a combustible, we cannot 
obtain uniform calorific values from these different coals. I have 
plotted all the results that I can find, and no curve will come any- 
where near the points. It is possible that if all coals were from 
the same district, or of a similar composition, the approximate 
analysis would be of value, but it is of little use for American soft 
coals from different districts. 

Mr. Kent.—I think differently, and for this reason: Whenever we 
find a coal having 15 or 20 per cent. of volatile matter, there is very 
little oxygen in that coal, and we will get a larger number of heat 


% 


units from it. When we find 40 and 45 per cent. the oxygen in- 
Beet - ereases very much. I do not believe it would with American coal. 
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Pret Carpenter.—These statements certainly do not agree 
with our determinations. Our analyses were repeated three or 
four times, and are never published unless within 1 per cent. of the 
average. We took every possible precaution to secure accuracy. 

Mr. Kent.—Have you plotted the results ? 

Professor Carpenter—I have, from every possible standpoint, 
but I could not get any curve to fit the results. 

I may add that I knew that Mallet’s results agreed well with 
the results of proximate analyses, and I expected the same agree- 
ment in American coals, until I came to investigate the matter, 
and learned that the volatile matter varied, not regularly, as you 
state, but with all sorts of irregularities. 

A single example will show the extreme variation. Coopers- 
town coal contains 30.4 per cent. volatile matter, and gives 15,266 
B. T. U. per pound; Gillespie coal contains 34.9 per cent. volatile 

matter, and gave only 10,506 B. T. U. per pound. The difference 


in proximate composition is small, in calorific values _ {ae 
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= 4 2 hs PRESENTED BY G. C. HENNING, REPORTER FOR THE COMMITTEE. 


DESCRIPTION OF TESTS. 


’ In June, 1894, a paper presented to the Foundrymen’s Asso- 
ciation, Philadelphia, by W. J. Keep, contained the following 
proposition : 

“To produce a uniform grain and a sound casting, and one- 
eighth of an inch shrinkage to the foot, the silicon —_ vary 


with each variation in the size of the casting. . 
AN APPROXIMATE Key FOR REGULATING FouNDRY MIXTURES. 


Size of the Casting in the 
4 inch square. | 3.25 per cent. 125 per : foot. 125 per foot. 
2.75 125 185 
2.25 125 145“ 


“ But such a variation in silicon will cause a variation in the 
shrinkage of a half-inch test bar. 

“The table shows that a casting 1 inch square needs 2.75 per 
cent. of silicon to give it a shrinkage of .125, and that a half-inch 
square test bar from the same metal will show a shrinkage of 
185; but that a casting 4 inches square, on account of its slow 
cooling, needs only 1.25 per cent. of silicon to produce the same © 
grain and shrinkage. The .165 shrinkage of the half-inch test 
bar shows that the iron will make a casting 4 inches square 
with a shrinkage of .125 and that it contains the correct amount _ 
of silicon.” 

This proposition seemed to be what might be expected infoun- _ 
dry practice, but all the data existing at that time was the upper _ 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. * 
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line of figures in the table and the record of a hydraulic cylinder 
3 inches thick, silicon 2.25 per cent. and shrinkage of a }-inch bar 


from the same metal .155 inch per foot. To prove this proposi- _ 


tion the plan of making several series of test bars with varying 


silicon, and varying in size from } inch to 4 inches square, was — 


proposed. As your Committee on Standard Tests and Methods 
of Testing Materials had decided to include cast iron in its in- 


vestigations, Mr. W. J. Keep was appointed a member of that _ 


= 
4; 


committee for the purpose of assisting in this work, having i i 


facilities and connections to do it in a thorough manner. It was — 


decided to include the investigation of shrinkage. The pro- 
gramme was as follows: The investigation should show the 
relation between different sizes of castings poured from iron of 
a uniform composition, the chemical composition of each size 
of casting when cold, and the physical properties of each. The 
tests were not to be laboratory experiments, but ordinary 
foundry work, which should represent foundry experience. 

The size of the castings to be made should be such as would 
represent both light and heavy foundry work, and should com- 
prise, along with other castings, test bars of each size and shape 
used in any country for testing cast iron. 
were as follows : 


4 2 test 


bars 


The sizes fixed upon | 


flatand some on end. The whole of these bars will not be found 


Later on it was noticed that we had omitted the length most fag 

used in England, 1” x 2” x 38”, and these were therefore added. Fos 
A larger number of bars 14” © x 14” long, cast both flat and ee 
on end, and bars for tensile and also for compression tests were Re 
added ; 2 bars 14” O and 2 bars }” O from patterns furnished by Dt 
Messrs. Riehlé Bros.; 2 bars 1;”0 x 15” long to be turned ud 
down to 14” O, and a large number of bars with O ends for 
grips, and a central portion 8” long and 14” diameter, and the ‘ ae 
whole bar 20” long, were added to the above. Some were cash its 
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in each series. The amount of iron available for several of the 
series was insufficient to pour all, and the bars last named were 
not added until the last five series. 

The chemical composition was to represent all foundry mixtures 
varying from white iron to the softest gray. The former would 
contain less than 1 per cent. of silicon, and the latter: would run 
as high as 3.50 per cent., the silicon determining the grade and 
color of the iron. The plan was to make series of the bars 
tabulated above, and the iron poured in the moulds was to con- 
tain definite percentages of silicon. 

Enough pig iron was to be procured of uniform chemical com- 
position to make six series of these castings, in which the silicon 
should be 1.00, 1.50, 2.00, 2.50, 3.00, and 3.50 per cent. The 
other chemical elements were to be kept substantially uniform 
in each. These variations in silicon would represent the silicon 
in all foundry work from heavy machinery to the lightest hard- 
ware castings. 

The physical properties of the castings which were to be de- 
termined were : 

The grain, whether coarse or fine, compact or open ; the cause 
of such structure. 

The shrinkage in inches per linear foot, which is the decrease 
in size from the dimensions of the mould in which the test bar 
was cast; the cause of such shrinkage. 

The chill of each size of test bar, which is the depth in inches 
of the white portion, caused by the fluid iron running against a 
cast iron chilling surface. 

The strength of each size of test bar, and the relative strength 
which was found by reducing all sizes to that of the smallest 
test bar. 

These were determined by the men in charge of several 
schools of mechanical engineering. Reports will be made of 
the transverse, tensile, and crushing strengths, and the logs will 
give maximum fibre distance, moment of inertia, total stress, 
deflection, maximum stress on outer fibre, shearing stress, 
modulus of elasticity, and resilience. 

Materials.—Application was made to several blast furnaces 
for three tons of pig iron with a guaranteed analysis, each pig 
of which should have a uniform grain, and with silicon as near 
as possible to 1 per cent. Two furnaces responded. 


| 


 Troquois Furnace Company, of Chicago, sent us three tons of 
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No. «“ ‘“Troquois ” Malleable Bessemer pig iron, of clear uniform 
gray fracture, very strong and tough in the pig. It contained 
TC 4.07, GC 315, CC 0.92, P 0.23, Si 0.88, S 0.035, Mn 0.50 
(G. D. Chamberlain, chemist). This iron was made from Lake 
Superior ore with coke. 
The Ashland Iron and Steel Company, of Ashland, Wis., also 
sent us three tons of charcoal pig iron, brand “ Hinkle,” also 
from lake ores containing TC 3.507, GC 2.69, CC 0.817, P 0.13, 
Si 1.09, S 0.015, Mn 0.72 (E. E. Johnston, chemist). Both of 
these companies analyze each cast for silicon and furnish iron 
on a guaranteed analysis when required. To select an iron suit- 
able for such a series of tests it is necessary that each pile in 
the furnace stock-yard should have been marked with the 
amount of silicon it contained. A number of furnaces volun- 
teered to make such an iron as was required, but it would have 
been almost impossible to make a furnace produce such an iron’ 
with every desirable quality. The only way was to select the 
iron from stock already on hand. When the iron was found, 
each half-pig was broker again to make sure that all pieces sent 
should have the same grain; then several pigs were drilled and 
another analysis was made as a check on the original determina- 
tion. In the proposed six series from each of these irons, sili- 
con was to be added in as concentrated a form as possible, so 
that the characteristics of each iron might remain the same in 
each series except as they were altered by the silicon. The 
silicon was added by using an iron branded “ Pencost,” made at 
Bessie Furnace in the Hocking Valley of Ohio, in 1888, while it 
was managed by Mr. Edward Orton, Jr. It was made from car- 
bonaceous block ores from Vinton and Perry counties, and was 
smelted with raw coal and coke. It contained, according to 
analyses by students at Sibley College, TC 2.83, GC 2.072,CC 
0.761, Si 10.87, P 0.49, S 0.142, Mn 0.70. Analysis of drillings _ 
from one pig by Geo. H. Ellis, of Chicago, gave 10.27 per cent. 
silicon. (The iron was purchased on an analysis of Si14.77 per 
cent.) The following analysis was made by Mr. Dickman from | 
drillings from 25 pigs of each mixed : 


TC GC cc Si 8 P 

4.05 | 8.20 | 0.87 | 0.98 | 0.085 | 0.225 
8.50 | 2.78 | 0.87} 1.03 | 0.012 | 0.129 | 0.700 
rtd ttananne nwa 2.79 | 2.04 | 0.75 | 11.00 | 0.015 | 0.487 | 0.670 
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From Mr. Dickman’s analyses, which were made from — . 
carefully selected average, it would be difficult to select a better __ 
set of irons to mix together. No mixture of these irons could 
materially change any element except the silicon. Itisknown 
that while using such a high silicon iron as this “ Pencost,” it 
would be impossible to get the silicon evenly diffused throughout 
the melted iron, but to get 3.50 per cent. of silicon into either 
“Troquois” or “Hinkle,” so much of any ordinary iron with silicon 
ranging from 5 to 6 per cent. would have to be added that the mix- 
ture would not be comparable with the original irons. For this 
purpose therefore it was necessary to use an iron with high silicon. 

At first it was intended to make only six series with “TIro- 
quois,” then six more with “ Hinkle” were added. As these 
would represent Northern coke and charcoal irons, it was desir- _ 
able to represent Southern iron from fossiliferous ore; but, for __ 
reasons given regarding the difficulty in selecting pig iron unless 
it has already had the silicon determined, it did not seem prob- 
able that a gray Southern pig iron with less than 1 per cent. of 
silicon could be obtained, at least in tithe. The Michigan Stove 
Company were using at the time various grades of De Bardele- 
ben Southern pig iron, softened by Ashland, Ky., silvery iron. 
Three series of test bars were made from this mixture, which 
make the three Southern series. It was suggested that the irons 
used in the tests were confined rather too closely to the region 
about Detroit, and acting on this suggestion, a series was ob- 
tained from C. G. Bretting & Co., who made machinery castings 
from “ Hinkle ” pig iron at their foundry in Ashland, Wis. We 
were unable to find a founder who was willing to make a series 
of test bars from a regular foundry mixture of “Iroquois.” A 
series of white iron test bars was made by the Michigan Malle- 
able Iron Co., of Detroit. The patterns and flasks were then 
shipped to Philadelphia, where a series was made by Messrs. __ 
Bement, Miles & Co., manufacturers of heavy machine tools,and __ 
another by Messrs. A. Whitney & Sons, makers of car wheels. 
Each foundry used the regular mixture required for the work _ 
they were doing at the time, and the moulding was done the 
same as for their own castings. 

The twelve series from “ Iroquois ” and “ Hinkle ” were melted 
with coke, which Mr. Dickman found to be of the following 
composition: Fixed carbon, 90.35; volatile matter, 0.94; ash, 
8.71 = 100. Sulphur, 0.97 ; phosphorus, 0.021. pps 
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of the Series of Tests—The Detroit Stove Works, 
of Detroit, had a small cupola suitable for the work, and the a 
depression in business in 1894 made it possible for them to 
spare the room necessary for the work. They volunteered to = = 
furnish the men required and the fuel. It was suggested that = 
one series should be made each day, in which case the cupola its 


would be relined for each heat, but as this would take three 
weeks, as they were running only four days each week, it was 
decided to run one heat after another as fast as the moulds could 
be put up, without dropping the cupola bottom.- One reason 
against a single heat of 700 pounds each day was that the iron 
first melted in a freshly lined cupola is harder, has a higher 
shrinkage, and is not so strong as that melted after a cupola is 
hot. The desire was that each series should represent the aver- 


age iron in everyday foundry work. The cupola was 30” diam- ook 

eter inside the lining. The tuyéres were in vertical rows,eah 
1}” in diameter, and 4 tuyéres ina row. These took thewind 
from a chamber inside the shell 3" wide x 24” high, into which 
it was delivered by a pipe, on each side, of 10” diameter. The _ be dé 
Root blower was driven by an independent engine, therefore ae eee 
the blast was under perfect control. The usual bed in regular re % $s ia 
work was 600 pounds, and the superintendent, Mr. L. Crowley, a he 
and the foreman, Joseph Unsold, thought it best to use this == 
amount for each heat to bring the melting point at the proper A a 
height. The iron was accurately weighed and placed in boxes cee 
marked with the number of the series to which it belonged. © a Ee ca 
The “ Pencost” iron was charged on the coke first, and the other | ae * 


iron afterwards, and in from 10 to 15 minutes the 700 pounds of © 
iron were melted. The sand for moulds for the whole twelve series _ 
was wet down and tempered uniformly before melting began, 


dles poured the 4”, 3" and 2" bars. There was no regular order 
in pouring, except that the iron for the }"0 bars was caught after 
the bull ladles were full. Assoon as the first moulds were filled __ 
the moulders began shaking out. As it took longest tomouldthe 
40 and 3”0 bars, these were shaken out within six minutes from _ a 


the time were The were cooled in a tank 


> 
re 


and the day before, one moulder worked all day on the first set 

of moulds. When the iron was melted it was atoncetappedinto = 
two bull ladles and into enough small ladles to fill all the moulds. — ces , 
As soon as all the iron was drawn out, the test bars were poured. = 
Six moulders besides the melter were at work. The twobullla- __ 
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was never used over, there being a pile of tempered sand of | q 


sufficient size for the twelve heats. The bars, as soon as they 


were cool enough to handle, were dragged together and the gates — | : 


knocked off. 

lst Heat, Aug. 16, 1894.—The first bars were made from 693 
pounds of “ Iroquois ” iron and 7 pounds “ Pencost” to bring the 
Si to 1 per cent. The gates were placed in a box marked with 
the same number as the test bars. Each test bar contained the 
number 1 raised on the surface, it having been stamped in the 
mould. As soon as the iron was in the ladles, the melter knocked 
out the breast of the cupola and pulled out what slag he could 
reach. The wind being off, the draught began to cool the slag in 
the cupola, and it was thought best to use some limestone at 
the next heat to thin the slag to facilitate its removal. The 
wind for this first heat was put on at 7.05 and the iron was all 
melted at 7.22. Time, 17 minutes, and all bars were poured 
by 7.37 a.m. Iron charged 700 pounds on a bed of 600 pounds 
of coke. The test bars weighed 559 pounds and the gates 69 
pounds. 

2d Heat.—400 pounds of coke were charged and a small quan- 
tity of limestone, then 42 pounds “Pencost,”’ and then 658 
“Troquois,” it being expected that the castings would contain 
1.50 per cent. silicon. Wind went on at 9.10 a.m. and the iron 
was all melted at 9.18. Time, 8 minutes. As the time taken to 
pour the bars was substantially the same in each heat no record 
was taken after the first. As soon as the iron was in the ladles 
the breast was again removed and more slag was found on the 
bottom than before and it soon cooled too much to be removed. 
Product: 573 pounds test bars and 88 pounds gates. Moulding 
proceeded as before. 

3d Heat.—The charge was as before, 400 pounds coke, about 
10 pounds limestone, 78 pounds “ Pencost,” and 622 pounds 
“Troquois.” Silicon estimated 2 per cent. Wind on 11.02, iron 
all melted 11.09. Time, 7 minutes. There was not as much 
iron in the ladles this time as before, and one set of round 
bars could not be poured. The slag being difficult to remove 
after this heat, calcined lime was used next time instead of 
stone. 

4th Heat.—To melt out slag 700 pounds coke were charged with 
about 15 pounds lime, and the wind put on before the iron. 


See 
¥ of water, and moulding the next series began at once. Sand 
4 ip 3 
~ 
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Then 113 pounds “Pencost” was charged and 587 “ Troquois.” 
Silicon estimated at 2.50 per cent. Wind on 1.15 P.m., iron 
melted at 1.25. Time, 10 minutes. As soon as the iron was in 
the ladles the breast was removed and 200 pounds of coke and 
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20 pounds lime were charged and the wind put on light to melt 5 


out the slag. The product was, test bars, 558 pounds; gates, 


69 pounds. It now seemed as though more than 6 heats could % a 


be made before evening. 


5th Heat.-Coke, 600 pounds, with 10 pounds lime, 148 pounds i 5 ; 


“Pencost,” and 552 pounds “Iroquois.” Silicon estimated at 
3.00 per cent. Wind on3 p.m. Iron melted at 3.15. There was 


not enough iron to pour all the moulds. Product: 523 pounds © oe 


test bars and 68 pounds gates. On removing the breast the . 


melter and foreman thought there was too much slag to proceed ~ i 
and so gave up work for the day. I could not be presentasthe 
work proceeded, or I would probably have had the 6th heat _ ‘aap 


taken off, as the iron melted fast enough each time, and the 
accumulation of slag could not influence the iron. 


6th Heat, Aug. 17, 1894.—It was found that there were 18 inches 2 Mi 


of slag in the cupola after the 5th heat, and the melter was not 
- ready for a heat before 9.49 a.m., when the wind was put on. 
Tron was all melted at 10.04 a.m. Time,15 minutes. The iron 
did not appear as hot or as fluid as it did the previous day, the 
cupola being freshly lined. There was not enough iron to fill 


all the moulds. The charge was 600 pounds coke, 10 pounds 
lime, 183 pounds “ Pencost,” 517 “Iroquois.” The silicon was 
figured at 3.50 per cent. Product: 519 pounds test bars, 67 — 
pounds gates. . This completed the Iroquois series, but the last = 


series was influenced by the fresh cupola. 


7th Heat.—First of “Hinkle.” This day the wind was kept __ 
on continuously, though very soft between heats; 100 pounds 
of coke was burned in this way between each heat to flux out 


the slag. The charge was 600 pounds coke and 10 pounds lime, 
700 pounds “ Hinkle,” and no “ Pencost,” for silicon was already 
1.00 per cent. Wind was on at11.15a.m. Iron melted at 11.30. 
Time, 15 minutes. Product; 559 pounds test bars and 79 pounds 
gates. 

8th Heat.—Coke, 600 pounds, with 10 pounds lime, 36 igen ian 
“ Pencost,” 664 “Hinkle.” Silicon estimated 1.50 per cent. 


Wind onl p.m. Iron melted at 1.15. Time, 15 minutes. inl ae 
duct: 544 pounds test bars, 52 pounds gates. The wind was - ass 
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_ slowed down and the breast removed and 100 pounds coke 
burned to allow slag to run out. a 
9th Heat.—Charge : coke, 600 pounds, 10 pounds lime, “ Pen- 
cost” 72 pounds, “ Hinkle ” 628 pounds. Silicon, 2.00 per cent. 
Wind on 2.10 p.m., and iron melted 2.18. Time, 8 minutes. 
Product: 530 pownde test bars and 62 pounds gates. The cupola 
was free from slag and it looked like finishing the 12 heats dur- — 
ing the day. The 600 pounds of coke was in for the next heat 
and the wind increased when it was discovered that the cupola 
shell was red hot, and it was thought unsafe to take off another 
heat. The cupola scrap had not been taken from under the 
cupola the previous day, and the scrap for the 9 heats was now 
weighed. The scrap for the two days was 423 pounds, or an 
average of 47 pounds for each heat. The loss of iron for the 9 
heats was 339 pounds, or 37.7 average for each heat. 

10th Heat, August 20, 1894.—The cupola lining had been re- 
paired. The charge was 650 pounds coke, 108 pounds “ Pen- 
cost,” 592 “Hinkle,” silicon estimated 2.50 per cent. No lime 
was used as there were only three heats left. Wind on, 7.30 A.M. ; 
iron melted, 7.44; time, 14 minutes. Not enough iron to fill all - 
moulds. These had stood over since Friday night (foundry run- 
ning only four days per week). Product: 494 pound test bars, 
60 pound gates. This iron was influenced by the fresh lining of 
the cupola. 

11th Heat.—Charge: Coke, 650 pounds; “Pencost,”’ 144 
pounds; “ Hinkle,” 556 pounds; silicon calculated at 3.00 per 
cent. Wind was off between heats. Wind on, 9.04 a.M.; iron 
melted, 9.13; time, 9 minutes. Product: 544 pounds test bars, 
59 pounds gates. 

12th Heat.—Charge: Coke, 600 pounds; “Pencost,” 180 — 
pounds; “Hinkle,” 520 pounds; silicon estimated, 3.50 per 
cent. Wind on, 10.40 am., iron melted, 10.50; time, 10 min- 
utes. Product: 559 pounds test bars, 75 pounds gates. The 
cupola scrap for the last three heats was 158 pounds, or 53 
pounds for each heat. The loss of iron for three heats 150 
pounds, or an average of 50 pounds for each heat. 

Remarks.—Each set of six heats should have been put through 
the cupola in one day without relining. This would have made 
the record more uniform. The best results would be obtained 
by running the cupola with coke alone for one hour, and then 
melting the first iron. In this way all six teats would have been 
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melted | in a hot cupola. Some other hitch would probably — 
occur, however, to prevent a uniform series. If only one heat — 
had been made each day the six series would not have been 
likely to be as regular as they now are, and the shrinkage would 
have been too high, and the strength too low, to agree with 
ordinary practice. i 

Again, the very peculiarities are valuable, as showing the 
influence of changes in treatment, which would not *" thought 


of if they had not been brought out in this way. up ve Mae 
1S 


Southern or De Bardeleben Series. 


Series 13, August 22, 1894.—The mixture was made up of Nos.2 
and 3 foundry, and Nos.1 and 2 soft from De BardelebenFurnace SS 
(Ala.). The silicon was imparted by No.3 Ashland (Ky.), silicon 
about 5 per cent. There were not as many bars mouldedasinthe __ 
first twelve series, the weight being only 483 pounds. Instead 
of shaking the castings out quickly as before, they were covered 
with the hot sand in which they were cast and it took the 
4-inch square bars more than 48 hours to cool. Insteadofhaving 
the least shrinkage, they proved to have more than those bars — é 
that were cooled more rapidly. te 

Series 14.—This series was made July 16, 1894, as a trial of — 
the patterns, and comprised all of the sizes of bars except the 
1 x 2 x 38 and the 20-inch for tension. The bars were poured => 
from substantially the same mixture as Series 13, only alittle less 
silicon iron. The bars were all poured together from iron caught 
at one time, and the bars were shaken out at once and leftto 
cool. The next morning, the 4” and 3” bars were still hot. The 
charge was a mixture of the same irons as Series 13,and the __ 
bars weighed 558 pounds. 

Series 15, August 29, 1894, is from substantially the same pig- aie ee 
iron mixture as Series 13 and 14. It was made to try the effect ea Sued 
of more rapid cooling upon shrinkage. For Series 13, 14, and 
15 the iron was melted in a cupola 62 inches inside diameter. The — | 
lining was drawn in to 39 inches just over the tuyéres, and en- ay pa 
larged again to 54 inches below the tuyéres. There were 16 _ 
tuyéres, each 4” high and 7” wide. The blast was from a No. 7 
Root blower and the pressure 14 ounces. The fuel was Connels- 
ville coke. The sand bottom was 18 inches below the lower | ae 
edge of the tuyéres. The charge was 1,400 pounds of coke for a — ie 
bed, 1,700 pig iron, and 1,200 of sprues from the 
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previous day’s cast, making 2,900 pounds of iron to each charge. __ 
No old scrap was used. 300 pounds coke and the same weight 
of iron was used, as before, for 14 charges, then 250 and 200 
pounds of coke for the last two charges. About 40 pounds of 
limestone were used to each ton of iron melted, and the slag was 
tapped after the ninth charge. The amount melted in this 
cupola per day was about 30 tons. The test bars made at this heat 
were ten $” x 12” long, twol’o, two 1” x 2”, two 2"5, 2 x 3"5, 
and two 4’u, and twelve round bars of various sizes. The iron 
was taken at the middle of the heat. There were 2 bull ladles 
holding 150 pounds and 5 small ladles holding 40 pounds each. 

The catch began at 3.57 p.m. and ended at 4.00 p.m. It took 
13 men three minutes to catch the iron and 7 minutes to pour 
the bars. The weight of the test bars, not counting the gates, 
was 483 pounds. The }-inch bars were shaken out at 4.05 P.M. 
The 1” bars at 4.08, and all bars were shaken out at 4.15 and 
scraped clean of loose sand, and were all piled in a row on a 
brick floor at 4.20 P.M. 

The $5 bars were so cool that they did not feel warm to the 
hand in 1 hour and 10 minutes; the 1’’5 in 4 hours 30 minutes; 
the 1” x 2”, 6 hours 30 minutes; the in 9 hours; the 3’.,in 
10 hours, and the 4’, bars, in 13 hours. These bars had the 
least shrinkage of the three series of Southern iron. 

Series 13, with all bars covered, cooled as follows : The $’'5, in 
3 hrs.; the 15, in 5 hrs. 30 min.; the 1” x 2”, in 7 hrs. 30 min.; 
the 2”5, in 11 hrs. 30 min. At the 2d Iroquois heat a moulder 
was asked to keep time when the bars ceased to feel hot. He 
reported: The 4c cooled in 1 hr. 47 min.; the 15, in 3 hrs. 42 
min.; the 1” x 2”, in 5 hrs. 27 min.; the 2” 5, in 9 hrs.; the 3’ 5, in 
13 hrs. 30 min.; the 4's, in 22 hrs. 30 min. These bars were 
thrown against a sand heap and were partially covered with 
sand. 

The iron for Series 13, 14, and 15 was drawn from a cupola as 
fast as melted at the rate of about 11 tons per hour. The pig 
was broken into lengths about a foot long and the grades were 
mixed as perfectly as practicable, the silvery iron being charged 
first. This illustrates the mixture of elements during such rapid 
melting, but it was more uniform on account of the Ashland 
containing only 5 per cent. of silicon, and the other irons from 
2.25 per cent. to 3.50 per cent. of silicon. 


4 Series 16.—An effort was made to have “Iroquois” and 
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“Hinkle ” furnaces each procure a series of bars from a foundry 
using their iron exclusively. The former did not respond, but 
“Hinkle” procured a series of bars from the foundry of ©. G. 
Bretting & Co., Ashland, Wis., who used No. 1 Hinkle, with the 
scrap procured from old pulleys and an old machine. The cast- 
ings made at the same time as the test bars, gears, pulleys, and 
some chilled castings, and rather light machinery castings. The 
composition of the pig iron and scrap was so nearly uniform 
that the chemical composition of each of the bars was very uni- 
form. 

Series 17.—The lowest silicon was in Series 1 and 7. It was 
desirable to show the influence of fast and slow cooling on per- 
fectly white iron. As such iron is not used in ordinary foundry 
work, the Michigan Malleable Iron Company, of Detroit, were 
requested to make a series of test bars from the white iron used 
to pour their work. 

The mixture was made of Lake Superior charcoal pig iron. 
The iron is charged into an air furnace which will melt at one = 
firing about 53 tons of metal. The pig iron as charged contains = 
from 1 to 1.25 per cent. of silicon. The reverberatory actionof 
the flame refines the iron and burns out the silicon until it is 
“high ” enough to run almost entirely white in castings of about 
1 square inch section. In all smaller castings it runs entirely 
white. The number of test bars made was the same as in Series 
15. The iron was all taken from the furnace at once, and at 
once poured into the moulds. The weight of test bars was about 
480 pounds. 

When this investigation regarding cast iron was outlined, this _ 
company was requested to melt the twelve heats of “ Iroquois”. 
and “Hinkle” in one of their air furnaces, thinking that the — 
conditions could be kept more nearly uniform than in a cupola. 
It was found that the construction of the furnace would not _ 
admit of melting as small a quantity as 700 pounds of pig iron, 
and another objection was that the action of an air furnace 
would more or less change the metal from what it would be if 
melted in a cupola. (Gun iron is exactly this iron, only it is not 
made as high as for malleable castings.) In melting gun iron, 
the air furnace brings the iron up until it gives the required = 
depth of chill. In this Series 17 the metal is gun iron, for it is {2 “ 
made from charcoal iron, but it is brought to higher temper © pi 3a 
than if used for mortars or chilled rolls. An effort was made to 
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have a series of test bars made at Philadelphia from regular 
chill roll iron, but the works were sold just before the patterns 
arrived. Series 17 will give the information that could have 
been obtained from a mixture intended for mortars, or for chilled 
rolls. 

Series 18.—Since the work had so far outgrown the original 
plan of six series of “Irogouis” iron, it was thought best to 
accept an offer of Messrs. Bement, Miles & Co., of Philadelphia, 
makers of the heaviest machine tools, to make such castings as 
we might desire. In each of the preceding series the iron was 
melted exactly as in any foundry, and was drawn into as many 
ladles as would hold the quantity of iron necessary to pour the 
test bars. The mixture was made in the hearth of the furnace, 
and the chemical elements were more or less unevenly diffused, 
especially in the first twelve series, in which a very high ferro- 
silicon was used, and the melting was very rapid. This Series 18 
was to be more extensive than any other, and was to be a check 
on conclusions drawn from the previous series. The metal for 
this series was to be mixed in a large ladle, so as to be as nearly 
homogeneous as it was possible to make cast iron. Date, Feb. 
18, 1895. The cupola record was 2,250 pounds each (500 pounds 
each charge), “Swede” (plain), “ Pulaski” (No. 2), “ Princess” 
(No. 2), and “Kemble” (No. 2) = 9,000 pounds; 8,100 pounds 
scrap (1,800 pounds each charge), 900 pounds cast iron borings 
(200 pounds each charge); total iron charge 4,000 pounds. The 
bed was 1,200 pounds coke and 500 pounds coal, and 160 pounds 
coke and 100 pounds coal was used between the iron charges. 
(Number of iron charges, 43; of coke charges, 34.) The blast 
pressure was 8 ounces; fire lighted 1 P.M., commenced charg- 
ing 2.30; men 2; finished charging 4.55 p.m; blast on 4.00, 
first iron 4.30, bottom dropped 5.30 p.m. Pounds iron to one 
of fuel, 6.9; pig bed, 1,000 pounds. The test bars for A. 8. M. E. 
were cast from the middle of the heat. Cast iron borings were 
put up in wooden boxes with covers nailed on, 100 pounds to 
each box, two boxes to each charge. The following letter 
accompanied the above : “The cupola used was a ‘ Colliau,’ the 
fuel anthracite coal and coke, with 8 ounces of blast pressure ; 
proportion of iron to fuel, 7 to 1 nearly. The total heat was a 
small one, only 18,000 pounds; hence the low rate of iron to 
fuel. The test bars were poured in the middle of the heat. The 
iron was taken from the cupola in one tap into a 2,500-pound 
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ladle. Small ladles were then filled from the 2,500-pound ladle, 
and the test bars were poured as rapidly as possible. The iron — 
was hot and fairly fluid. A test piece which was turned to 14” 
diameter was made from this iron, which was broken at A. — 
Whitney & Sons, and showed 29,040 pounds per square inch | 
(tensile). The large test bars, 3”0 and 4” 0, show that the | 


metal has shrunk somewhat. This, of course, could have been 
prevented by the use of feeding heads, but we presumed that you 


_wished the test bars to show what the iron would do, conse- 


quently did not use the feeding head. Yours very truly, Bement, 
Miles & Co. Per Wm. H. Derbyshire, Supt.” 


Series 19.—As the only series made from viscous low silicon _ 
iron was the Series 17 of white iron, the offer, by Messrs. A. 
Whitney & Sons of Philadelphia, makers of car-wheels, to make  — 
test bars, was accepted. This iron was melted inacupola, and, 
we understand, the mixture is from their ordinary wheel mix- _ 
ture. As the metal was first caught into a mixing ladle, the _ 
metal may be considered homogeneous. The sand used was too 


coarse to give the best results. This is a good example of the 
lack of appreciation of the importance of details in the making 
of test bars. A rough surface has the same effect as so many 
nicks in the surface, and weakens the bar. The series, however, 


shows another of the ordinary foundry experiences, and what we i 
must look for in castings from cast iron. A flaw, or blow-hole, — ae: 
or a bit of slag, not only lessens strength from the decrease of | 


cross-section, but it may concentrate all of the strain at that 


point, and thus make a casting very weak that otherwise ap- =s—> 
pears strong. This iron would make very strong large castings, __ 
and if the iron had been poured into heavy machinery castings, __ 
instead of car-wheels, the moulds should have been made | 
smooth. Mr. A. W. Whitney writes “that they could not spare _ 
sufficient room near the cupola to make our test bars.” He — 


says: “The two ladles of iron used in pouring the bars were 


hauled about one hundred and fifty feet, and were thus poured © 


colder than is proper for this iron. Ten minutes covered the 


whole time from pouring from the twelve-ton ladle until every- — 
thing was cast. If it had been convenient for you to wait until — 
we could conveniently have poured these tests near cupola, and | 
of a higher chilling mixture than we find convenient to make at 
present, the larger test bars would have made a bettershowing _ 
for us. We send with these bars one-half of our regular heavy 
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chill tests, poured near the cupola, and a piece of a 33” double- 
plate wheel, cast about same time. It took two blows of our 
seven hundred pounds drop, falling ten feet, to break it in two 
pieces. We trust that these test bars will contribute their share 
of information, in regard to the practicability of a uniform test 
bar for all kinds of iron.” 

Numbering Test Bars.—One of the most difficult things for the 
average founder to understand is the necessity of following 
routine. He cannot understand why test bars made by him can- . 
not be identified by any one else. The sizes of test bars which 
constitute these tests have been described. For transverse 
tests there were 514 5 test bars cast flat, and 138 O test bars 
cast flat and on end, for transverse test, to compare with © bars 
of same cross-sectional area. 

For tensile test there were 68 rd. bars cast from Riehlé Bros.’ 
patterns ; 27 rd. bars, 14” diameter, to be turned toa 1” section; 
28 rd. bars of a 1” area section, 20 inches long. Or 775 test 
bars all told. 

Most of the test bars had a raised figure cast upon them, indi- 
cating the number of the series. As soon as each series was 
received, each bar had its consecutive number painted on each 
end of its upper side (as it lay in the mould), with white paint, 
so that when broken each piece could be identified. A few 
bars were broken in transit, a few were accidentally broken in 
the machine without a record being taken, and quite a number 
of sizes of bars were not made in each of the series. The first 
thing on receiving a series of bars along with the yokes in © 
which they were cast, was to measure the shrinkage, by placing 
each bar on the follow board and in the yoke that contained the 
same marks as were marked on the bar. The yokes of each size 
were marked with one and two notches, and the patterns were 
marked in the same way, so that the test bars had one or two 
notches, which indicated the yoke in which it was cast. Each 
square bar for transverse test was cast horizontal, two bars 
exactly alike being run from the same gate, which was set so as 
to feed the iron from the under side of the casting. There was 
one gate near each end of the mould. This arrangement made 
the lower half of the casting solid, and imperfections on the 
upper surface would do comparatively little harm, as the upper > 
portion of the bar was only subject to compression. Cast-iron 
yokes were bedded in the sand, so that parallel iron surfaces” 
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should feaiun the ends of the mould to chill each end of the bars 
and permit the measurement of shrinkage by sliding a graduated 
wedge between the end of a bar and the surface of the chilling 
surface of the yoke. One corner of each bar was then split off 
to allow measuring the depth of chill. The bars were then _ 
packed and were shipped to the engineering a where fers: 
they were to be tested. re Ree: 
69 
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[PRANSVERSE STRENGTH OF CAST IRON. 


REVIEW OF RESULTS OF TESTS MADE FOR THE COMMITTEE ON © 
STANDARD TESTS AND METHODS OF TESTING MATERIALS. _ 


BY W. J. KEEP, DETROIT, MICH., MEMBER OF COMMITTEE ON STANDARD TESTS, ETC. 


(Member of the Society.) 


STRENGTH is the ability of a material to resist rupture. Max- 
imum strength is the greatest stress which a piece of material 
will resist. To obtain the necessary data for the consideration 
of this subject, a large number of test bars were made from dif- 
ferent mixtures of irons.t 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
+ A full chemical analysis of each pair of test bars has been made by Mr. R. N. 
Dickman (71 Atwater Building, Cleveland, Ohio), assisted by Mr. John Douglass 
and by Mr. E. Klooz, and by Messrs. Dickman and Mackenzie, 1224 Rookery 
Building, Chicago. 
All test bars 1" 0 and 1” x 2”’ were tested by Professors R. C. Carpenter and C. 
E. Houghton at Sibley College, Cornell University. 
All bars 2” 0, 8” 0, and 4” © have been tested by Professor C. H. Benjamin, 
assisted by Messrs. Lyman Marshall and L. G. Robbins at Case School of Applied 
Sciences, Cleveland, Ohio. The 3” 0 and 4” CO bars of Series 17 were tested on 
the 300,000 pound testing machine of the Otis Steel Company of Cleveland. 
Series 1 to 12 were made at the Detroit Stove Works, under the supervision of 
L. Crowley. 
__-- Series 13, 14, and 15 were made at the works of the Michigan Stove Company, 
their regular iron mixture. 
is _ Series 16 was made by Messrs. C. G. Bretting & Co., of Ashland, Wis., makers 
of machinery castings ; Series 17 by the Michigan Malleable Iron Company, of 
i Detroit ; Series 18 was made by Messrs. Bement, Miles & Co., makers of heavy 
machinery, Philadelphia ; and Series 19 by Messrs. A. Whitney & Sons, makers 
car-wheels in Philadelphia. 
Sams ar The ‘‘ Iroquois” pig iron, for the first six series of bars, was furnished by the 
ei Iroquois Furnace Company, of Chicago, and the ‘“‘Hinkle” pig iron, for the 
mbes 2 pes son six series, was furnished by the Ashland Iron and Steel Company, of Ash- 
‘land, Wis. 
In the report of the committee a full description of each mixture and all de- 
- tails of procedure will be given. The complete log of each test will be on file in 
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| There were six series of test bars (1 to 6) made from “ Iro- 
quois”” coke pig iron produced from Lake Superior ore. 

There were three series of Southern (“ De Bardeleben”) coke 
pig iron (13 to 15), from red fossil ore. 

There were six series (7 to 12) of “ Hinkle” charcoal pig iron, 
from Lake Superior ore. 

And there were made by four different foundries, from their | 
regular mixture, series 16 to 19. = 

The six “ Iroquois” series had their silicon varied by means _ 
of additions of “ Pencost” + silicon iron, and the average silicon — 
by analysis was, in 1st, Si 0.81; 2d, Si 1.20; 3d, Si 1.88; 4th, Si 
2.01; 6th, Si 3.04, and 5th, Si 3.19 per cent. oe 

The three “De Bardeleben” series received silicon from Ash- __ 
land, Ky.,* silvery iron, and the average silicon by analysis was, __ 
in Series 14, Si 2.81; in Series 13, Si 3.18, and in Series 15, Si 
3.51 per cent. 


The six “Hinkle” series received silicon from “ Pencost,” — qs 
and the average silicon by analysis was, in 7th, Si0.93; 8th,Si 
1.17; 9th, Si 1.67; 10th, Si 2.23; 11th, Si 2.71; and 12th, Si 


3.05 per cent. 
The series from the various foundries (including Series 14, 


13, and 15) were from their regular iron mixture, and the per- cae 


centage of silicon by analysis is given in Table ITI. 
Each one of the nineteen series contained nine test bars 
$"0 x12” long, two bars of each of the following sections, 10 
1” x 2”, 2"0, and each of which were two feet long. 
In addition, the first twelve series, and the fourteenth, con- — 
tained two bars 1”0 of each of the following lengths, 1 foot, 
4 feet, and 4 feet 6 inches, and they also each contained two 
bars 1” x 2” x1 foot long. When records of any of these test 


bars are wanting, it is because there was not enough iron 
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caught in the ladles to pour them, or because bars were broken 
accidentally without a record being made. 


Table I. contains the average record of maximum strength of 

each pair of test bars. 
TRANSVERSE BREAKING LOADS. 


Dr Ensions or Test Bars. 


No. or 
SERIES. 


10 x 24” 
1” x2/’x 12’ 
40 x24” 


25,200 
22,800 
19,250 
19,300 | 
23,175 

17,750 | 


22,750 
22,175 
18,850 
20,550 
21,575 
27,900 


24,050 
25,250 
22,700 


22,150 
41,800 
25,350 
31,600 


Ot Co 29 


6 
7 
8 
9 
0 
1 
2 


Table II. contains the record of average strength of test bars 
1"0, 1”x2", 2”0, 3”0, and 4’0, each two feet long, each 
record being reduced to the dimensions of the smallest bar, 
viz.,a bar $0 x1 foot long, as this is the only way to make 
a direct comparison of the different records. ene ratte: 

freed 


| | TRANSVERSE STRENGTH OF CAST IRON. 
a 
q 7 3 
289 | 2,589 | 1,013} 513 | 468 | 4,181 | 1,857] 7,450 54,500 
339 | 2,140 | 1,023 | 562 | 471 | 4,050 | 1,958| 7,050 50,450 
g 389 | 2,619 | 1,248 |......| 518 | 4,800 | 2,290| 7,150 42,700 
427 | 2,620 | 1,200| 556 | 517 | 4,386 | 1,882| 7,025 48,750 
430 |......| 1,282 | 585 | 540 |......| 2,128} 8,400 42,600 
471 | 2,214|......| 557 | 425 | 4,180|......| 6,225 42,150 
388 | 2,186 | 1,073| 468 | 450 | 4,080 | 1,708| 6,650 48,350 
895 | 2,457| 1,100! 528 | 463 | 4,272 | 1,925 7,050 58,450 
329 | 2.356 |1,088| 527| 490 |......| 1.753] 6,850 46,300 
439 | 2,185 | 1,042|......| 458 | 8,775 |......| 6,640 51,500 
1M) 448 | 2,290)......| 581 | 503 | 4,110 |.2,166| 6,850 44,400 
456 | 2,105 | 1,320) 501 |......| 3,678| 1,940| 7,800 45,400 4 
(14) 378 | 2,592| 1,200; 612 | 512 | 4,765| 1,968} 8,450 55,050 
878 2,079] 7,250 44,500 
446 2,852 | 8,200 58, 700 
© (19) 877 |... ..| 2,708 | 9,600 68,500 
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TABLE II. 


Section oF Bar. 
No. or 
SERIES. 


1” x 2’ 


wwe 


C. G. Bretting & Co 
Mich. Mal]. Iron Co 
Bement, Miles & Co 
A. Whitney & Sons 


For more ready comparison I have plotted in Chart I. (Fig. 
296) the records of “ Iroquois,” ‘De Bardeleben,” and the series 
No. 18 from Bement, Miles & Co., from coke and anthracite irons, 
and No. 19, from A. Whitney & Sons (Philadelphia). The record 
of the Series 17, from the Michigan Malleable Iron Company, of 
Detroit, is also plotted on this chart. This latter is from char- 
coal pig iron melted in an air furnace until it is suitable to pour 
for malleable castings. Itis of the same composition as gun iron. 

The records of “Hinkle” and the series from C. G. Bretting 
& Co., from “Hinkle” charcoal iron, are plotted in Chart II. 
(Fig. 297). 

The cause of much of the irregularity of these records is the 
varying conditions which surround all foundry operations. 
Practical iron-founding cannot be separated from such influ- 
ences, which produce variations in each casting. 

Chart III. (Fig. 298) is a modification of Chart II., the curves 
having been made regular; that is, the influences which caused 
the variations in the record of the different sizes of bars have 
been eliminated, but the general conditions which influence: 
each series as a whole are left unchanged. 


85 
339 267 249 220 211 197 
389 344 277 224 178 167 oe 
427 | 299 250 | 220 | 179 
430 302 266 262 214 166 
— 329 276 219 214 174 181 ae 
| 10 | 439 | 267 | 286 | 208 | 190 | 21 
11 443 289 264 214 200 174 
Southern 378 804 272 264 223 215 
13 894 293 275 259 234 205 
15 | 497 | 270 |.......] 270 | 210 | 220 
16 | 878 | 276 | 259 | 227 | 205 | 174 
a | 17 | 471 | 856 | 833 | 490 | 887 | 8990 
-| 18 446 350 294 256 235 229 
.| 19 377 323 838 300 292 269 
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_ IV. (Fig. 299) is a modification of Chart L, the curves ae mee 
heving made regular, as in the last case. . 
dition aiding heen made uniform. 
As it is impossible in practical foundry work to obtain uni- 
form conditions, this chart is ideal, and the records are there- _ 
fore approximate. The iron for each of these nineteen ie” 
of test bars was melted in a cupola with coke, and the mould- 
ing was like that of ordinary castings, surrounded by the con-— 
ditions which are certain to surround all foundry operations. — " 
These nineteen series are, therefore, ordinary castings ma: 
from various foundries. Laboratory tests, under conditionsas = 
uniform as possible, were made before these practical tests were 
undertaken, to determine the influence of varying chemical com- . 
positions on the physical quality of cast iron. 
Only such tendencies as are apparent in all of the series will 
be accepted as generally applicable to cast iron. x 
The castings of each entire series were cast from one iron mas 
mixture, melted and drawn from the cupola at once, and poured 
at the same time into moulds which were of uniform componi= 
tion. For this reason the larger the casting the more slowly _ 
would the metal cool. Each increase in size represents a slower — ag 
rate of cooling, which causes the grain to be more coarse and — ws 
loosely put together in the larger castings. a <es 
MeETHOoD oF EXAMINATION OF THESE TEsTs.—The opinions re- 
garding the strength of cast iron, which are found stated in — 
works on metallurgy, and which are held by most founder, 
must have had their origin in the examination of just such cast- eS 
ings as the nineteen series which I have produced. i : a 
I shall, therefore, show by these nineteen series how such opin- ae (ae 
ions originated, and if they are incorrect, I shall prove the,error eae, 
from the same tests by which I explain their origin. Anymew 
conclusions will be drawn froni the same nineteen series of tests. tt 
Wuat Tuese Tests SHow.—As the base of all reasoning, let it, 
for the present, be accepted that strength is wholly dependent 
upon the grain. A casting may be brittle, and for that reason . 
weak,-as often occurs in small castings If the grain is coarse 
and loosely formed, as in large castings, weakness will result from Fc 
lack of cohesion. Ifthe grain is fine and close, as in small gray — 
castings, they will be strong. I shall, as I proceed, furnish from 
these nineteen series of tests ample proof for these statements. __ 
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Strength Increases inthe 0 Bars with each Increase of Silicon.~ 
¥ These tests show this to be true, with increases of silicon as high 
_as3.50 per cent., and this is as high as it will be found in any ordi- 
nary foundry mixture. The castings are also softer with each in- 
_ crease of silicon. This also corresponds with foundry experience. 
Strength decreases as castings increase in size, when both large 
_ and small castings are made from the same iron. Decrease in 
_ strength is more rapid in castings between the sizes of }" 0 and 
1’ 0 than between larger sizes. The decrease grows less rapid 
_ for same differences in Si as the size increases. 
Decrease in strength is greater and more rapid with each increase 
of silicon. In each of the charts the curve representing the 
strength due to the lowest percentage of silicon begins lowest 
on the ordinate of the }" 0 test bar, but owing to the decrease 
of strength due to each increase in size of test bar the curve 
ends on the ordinate of the 4” 0 bar at a point much lower than 
that at which it began. 

The curve representing the strength due to the highest percent- 
age of silicon begins at the highest point on the ordinate of the 
+" 0 bar, and because the increase of silicon causes a more rapid 
decrease of strength in the larger bars, the curve drops much 
more rapidly than the lowsilicon curve. This causes the distance 
between the curves to diminish as the size of the bars grows larger. 

For example, in Chart III., “ Hinkle,” the total difference 
between the curves having the lowest and highest beginning on 
the }” © ordinate is 129 pounds, but the upper curve drops so 
rapidly that it approaches the lowest curve,'so that on the 
4" 0 ordinate the difference is only 4 pounds. Many of the 
“Hinkle” curves drop entirely across others with lower silicon. 

In Chart IV., “ Iroquois,” the curve that begins lowest at 290 
pounds ends at 224 pounds. It drops 60 pounds less than the 
“Hinkle ” curve that began lowest, but the “Iroquois” curve 
that begins highest drops much’ more rapidly than the highest 
“ Hinkle,” and ends 60 pounds below the “ Iroquois” curve that 
began lowest. It crossed this latter curve on the ordinate of 
the 1” o bar. A 1’ o test bar would therefore indicate the same 
strength for these two iron mixtures, one with about .80 per cent. 
of silicon and the other with about 3 per cent. In the “ Iro- 
quois,” Chart I., each higher silicon curve crosses all curves 
which present lower silicon. 

Referring to Chart V., we see, as a result of these curves cross- 
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ing the others, that the records on the 4” 0 ordinate show that — i 
the large test bars are weaker with each increase of silicon, | 
while the }” 50 bars are stronger. 4 

That increase of silicon weakens large castings is in accord <4 
with shop experience and with general opinion. 

The fact that a small casting grows stronger with each increase - ace 
of silicon (at least up to 3 per cent.) does not seem to have been ~ y 
noticed, probably because test bars of 1 0 inch area have been — 
used. It is the experience of makers of castings thicker than = 
1", that any increase of silicon softens the casting, but at the — 
expense of strength. For large castings, therefore, it has been 
the practice to use the least silicon that would produce the 
requisite softness. 

It will be seen that the six “Iroquois” series represent the 
mixtures suitable for all sizes of machinery castings, and that — 
the records conform to shop experience ; therefore Chart V. 
been formed from this data as representing shop experience . 
freed from all disturbing conditions, while Chart I. shows the 
same data, influenced by the varying conditions met with in ~ 
everyday foundry practice. 

In making calculations Chart V. shows what we should have, 
but Chart I. represents what we shall be likely to have. Itis 
because of these variations, that cannot be avoided by the 
founder, that in cast iron we can only approximate, and must 
therefore allow a very large factor of safety. 

In the examination of the strength of cast iron, the indications 
which are apparent: in Chart V., and which are sustained by each 
of the other charts, may be considered generally applicable to 
all foundry iron mixtures. 

The record of one size of test bar cannot indicate the strength of 
another size, for the reason that, with the same iron, aside from 
the local causes of derangement, any change in size, or, in other 
words, any change in the rate of cooling, will change the grain 
and strength. Each mixture of iron and each percentage of 
silicon will produce the best results in some one single size of 
casting, and not as good a result in any other size. 

Gun iron, chill roll iron, and car-wheel iron will make a 
strong, large casting, but in a 4" o casting such iron would be 
white, brittle, weak, and hard, for it is entirely unsuitable for 
small castings. As an example of this, “Iroquois,” Series 1, or 
the 1 per cent. Iroquois in Chart V., is weaker in the 3" bar than 
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any other mixture on the chart, and it is stronger than any 
_ other in the 4” 0 casting. It is therefore suitable for heavy 
machinery castings. The 3.50 per cent. series of the same chart 
is the strongest in the }” 5 bar and weakest in the larger bars, 
/ ‘ therefore such high silicon mixtures are only suitable for the 
lightest castings. 

_ Instead of proving the absurdity, that a high silicon mixture 
a stronger than gun iron, it shows that each iron mixture is 
. strongest for the size of casting for which it is best adapted. 
The term “cast iron” does not indicate a definite composition, 
whose strength in a test bar, broken transversely, varies directly 
as the square of the height, as the breadth, and inversely as the 
~ length. The metal is strong according as its grain is coarse or 
fine, and this is governed by the percentage of silicon and by the 
rate of cooling, and by local conditions over which the founder 
_ has no control. Therefore the test records of most investiga- 
tors are of little value, because they were not aware that a large 
casting, cut down to another size, was weaker than if cast to 
_ size, and they were not aware that an increase in silicon would 
strengthen a small casting and weaken alarge one. Their work 
would be comparable with other tests if all had recorded the per- 
- centage of silicon, or the shrinkage, which would give an idea 
of the amount of silicon, and if they had stated whether the 
casting was cast the size at which it was tested, or what size it 
was before it was cut down to the required size. In the latter 
ease, however, the test would be of little value, as no casting 
has the same grain all the way through. And then, as shown in 
the “ Hinkle” and “ Iroquois ” tests, the character of the origi- 
nal irons, or the heat of the cupola at the time the iron was 
_ melted, would change the strength, outside of the influence of 
silicon or the rate of cooling. 

The foregoing will partially explain the lack of agreement 
between tests of cast iron and the origin of the opinion that 
physical tests of cast iron da not indicate the compositions. 

Some have conceived that the size of test bar which would 
give the most uniform results for all cast-iron mixtures would 
be the best size for a standard. The idea would be to have the 
least difference between the highest and the lowest record, and 
_ the greatest uniformity in results. 

An examination of the actual records of both “ Iroquois” and 
“ Hinkle,” Charts I. and IL., shows at a glance that the 1” 0 bar 
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best fills these requirements. This size shows very nearly the 
same record for each percentage of silicon. In examining Charts 
III. and IV., and especially V., it is seen that as each curve 
crosses each of the others there will be a size of casting which 
will show the same strength in both a high and a low silicon 
iron, and that a test bar of this size would give no indication as 
to the difference in the metal in these two irons, but the results 
of such a test bar would be absolutely uniform. 

The prevailing opinion is that the 1" co test bar is the best 
size, while quite a number are in favor of a bar of 1’ x2” 
section. . An examination of the charts, especially V., shows 
that the points where the curves cross ‘are located between the 
1” 5 bar and the 1x2” bar. Both of these sizes show that 
the increase in silicon has made the bars weaker. The 1 per 
cent. “Iroquois,” Chart V., contains so little silicon as to be 
weak from brittleness, and the series containing 14 per cent. 
silicon shows strongest of the six series in the 1’ 0 test. bar, 
and the series with 3 per cent. silicon shows weakest. Profes- 
sor Turner estimates from his tests with a 1’ 6 bar that 14 
per cent. Si will make the strongest castings. But the maker 
of heavy castings knows that the 1 per cent. silicon iron will - 
make a stronger heavy casting, and this is shown in the chart. 
The 1"o bar does not give intelligible results to him. The 
crossing point between the 14 and 2 per cent. series is very 
near the perpendicular representing the 1” © bar, which would 
cause the same record for each of these percentages of silicon. 

Thus, while the 1" 0 test bar gives results nearer together 
than any other size, yet for light or heavy machinery irons it 
does not give intelligible results. In practice, with varying 
foundry conditions, as in Charts I. and II., the test records of 
bars between 1” 5 and 1x2” will give such variable results, 
though near together, that they will show nothing definitely. an 


In Chart V. the only definite records are those of the’}” o Sas 


bars, showing in every case increased strength for each increase ee 
of silicon, and bars of a larger section than 2” 50, which show es. 
increasing weakness with every increase of silicon. In Charts I. ee 
and II. the records of the 4” bar are definite, while in those 21a 


larger than 20 they are variable. The reason for this is that 
the $0 bar cools so quickly that it shows the natural physical 
character of the iron, but in all larger sizes the slower cooling 
brings out the influence of local conditions. te ia 
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The amall variation in the records of 1” 0 and 1” x 2” nme 
_ also shows that for castings about 1’ thick, variations of 1 per 
_ cent. of silicon in the mixture do not make much difference in 

; a strength of the casting, and this accounts for the success of 
average founder. 

2 _ What we have shown will explain why these sizes of test bar 
have been used almost universally, and why so little satisfaction 
has been found in the records of such test bars. The idea was, 
_ a test bar as near as possible to the average thickness of cast- 
<a te made in ordinary foundries, and a test bar that would give 
Bt et the most uniform results. This was because the nature of cast 
=e af iron has not been understood. The strongest iron is that which 
contains the amount of silicon necessary to remove brittleness in 
the individual size of casting, and to produce the closest pos- 

sible grain. 

METHODS FoR PRODUCING THE STRONGEST CastTINGs.—This 
resolves itself into methods for producing a close grain free 
from brittleness. 

1. Using a Low Silicon Iron for Large Castings.—In Charts L., 

__ TV., and V. the lowest silicon iron shows the least strength in 
the 3” o test bar, on account of brittleness, but slow cooling 
Opens the grain in the larger castings enough to turn the iron 
er eS gray, and to remove brittleness. In all the charts it is seen that 
ohh. _ the low silicon irons give the weakest 3" o and the strongest 
large castings (except Series 17; which was not melted in a 

- eupola). For a casting 2” 0 the silicon may vary anywhere 

between 1 and 14 per cent. and give the greatest strength. 

oS Large castings made from low silicon irons will tend to be hard. 

2. Using Higher Silicon lrons which naturally have a Close Grain. 

. —By this method the higher silicon makes the casting soft, and 

_ a pig iron or scrap which has a close grain will retain such 
closeness in the casting Southern irons have generally closer 
grain than Northern iron, and charcoal iron ‘generally has a 
closer grain than coke iron. Southern foundry forge, or No. 3 
foundry, or Nos. 1 and 2 soft, are all close-grained irons, but 

_ with enough silicon to make very soft castings. In Charts I. 
ngeea and IV., Series 14, 13, and 15 are records of mixtures of all 
Southern iron of Nos. 2 and 3 foundry, and 1 and 2 soft. The 
-- M.S. Co. curve in Chart V. is the Series 15 of Charts I. and IV. 
- These irons are not generally expected to make strong cast- 
ings, because of the fact that they have silicon higher than is 
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— found in heavy castings, and because of the opinion | Bs, 
that silicon weakens large castings. In this mixture which pro- wee 
duced this series the silicon is 3} per cent., and the strength a ae 
the + 0 bar is above 400 pounds, which is above the average. _ 
Slow cooling does not open the grain as rapidly as it did with 
the 34 per cent. “ Iroquois ” series, and in the 4 " © bar it gives 
the same strength as the 1 per cent. “Iroquois.” This cecal 
mixture makes stronger castings for all intermediate sizes. 

In this case we have the stove- “plate 1 iron stronger for all sizes, a 
but simply because the grain is kept close. This kind of 
strength costs nothing. Scrap i iron and close-grained pig iron os 
cost less than open-grained pig iron. 

The first method, of using low silicon pig iron, is in most mS 
mon use, and the latter method requires the knowledge thata 
closing of the grain produces strength, and also that a pig iron ~ ite 
with a close grain will make a close-grained casting. If the 
founder has learned this, he is on the right track. In the iron ao; pee 
“M. S. Co.” with Si 3.50 of Chart V., the individual irons 
comprising the mixture have nothing to do with the EE: 
Any other brands would be as good if they produced the same 
grain. When the principle of keeping the grain uniform and ~ 
close, and the iron soft, has been learned, pig iron from almost 
any furnace can be found with a suitable grain. The mixture 
that produces the strongest }"” © bar with the closest grain “a 
also show greatest strength in a casting 4" © if the grain vii 
kept close. 

3. Powdered ferro-manganese is often thrown into a ladle to 
cause a fine granular structure. 

4. Wrought-iron borings or chips put in the cupola along with 
the pig-iron will cause the grain to be close, and in this way 
add strength. 

A rod of wrought iron is sometimes held in the spout of the 
cupola, so that the end may melt off and mix with the metal. 
An old file is sometimes melted in a ladle for the same purpose. 

5. Cast-iron chips or turnings are sometimes placed in wooden 
boxes with the covers nailed on and charged along with the pig- 
iron, to cause an even and close granular structure in the cast- 
ing. The series from Messrs. Bement, Miles & Co. is an example 
of this method. 

The most profitable line for experiment is t is to find cheap prac: ¥ 
tical methods for closing the grain. 
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ie The grains should be of uniform sizes and of the smallest 5 pos- 
sible dimensions. 


Such metal will not produce spongy cavities or shrink-holes 


3@ enlarged parts of a casting, and there will be very little 


uneven tension in different parts of such a casting. 


If the grain could be closed still more, we should finally 
obtain the result marked Imaginary Casting in Chart V.; and if 
the nature of the metal could be so changed that slow cooling 
* - would not open the grain at all, but leave it the same as in the 
« bar, the diagram would be a horizontal line, and then, and 


_ only then, strength would vary as the square of the height, and 
as the breadth, and inversely as the length, which would be 


_ perfection, but which can never be reached in foundry practice. 


To Test THe oF Cast Irnon.—The examination of 


_ the tests shown in the charts show that the $0 test bar indi- 
cates the natural strength of the iron, not influenced by. slow 
cooling, and that a test of a 4’0 bar from the same mixture of 
- iron, poured at the same time as the $”0 bar, would show the 


4 character of the grain under the influence of slow cooling. Low 


& 


silicon would give a weak $’0 bar and a strong 40 bar, and 
- higher silicon would strengthen the $”’0 bar and weaken the 
4" bar. If any of the methods for closing the grain had been 
used, it would be certain that the strength of large castings 
would be increased, but to how great an extent could only be 
learned by an actual test of a 4”0 test bar. This latter is very 
inconvenient in the foundry, and requires a large and expensive 
testing machine. 
_ The test of 30 bars is necessary to show the silicon and 
: a in the castings of different sizes, and to give the 
~ natural strength of the iron. 

I hope, before the December meeting, to perfect a method for 


; _ obtaining the relative strength of a test bar 40, which can be 


_ tested as readily as a }"0 bar, but the experiments are not 
sufficiently advanced at this time to be described. Perhaps 


- gome other member of the Society may invent a method of 


making $”0 test bars, having the same grain and the propor- 
tionate strength of a bar 4’0 poured from the same ladle from 


ey which the ordinary $0 bars are cast. If a method is found 


_ for doing this the following would be possible: 
; To make a strength chart make three or four $”0 bars in an 
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with the grain of a 4’0 bar from the same mixture. Take a 
standard sheet of cross-section paper, such as I have used in 
this paper. Plot the average strength of the rapidly cooled 
4” bars on the ordinate of the ratio .12, and on the ordinate 
of the ratio 1.00 plot the average record of the }''° bars which 
represent the strength of a 4°0 bar. Join these points by a 
curve, and it will represent the relative strength of all sizes of 
castings from this iron, and could be adopted asastandard. The 
curve 1 per cent. Iroquois, Chart V., might be the one selected. 

To find the strength of a $"0 bar, from this curve, which would 
represent the strength of any size of casting from this mixture of 
iron, divide the solid contents of the casting in cubic inches by 
the square inches of cooling surface to find the ratio of cooling. 
Find the ordinate which represents this ratio, and locate the 


re oint where such ordinate crosses the curve, and follow horizon- 
tally an abscissa to find the strength marked at the side of the 
chart. This will be as near an approximation as can be ob- 
tained by an actual test of a test bar of any given size. eT Fe Te 
TABLE III. 
ot | PER CEnrT. oF SILIcon. | 
| | | 
Troquois........... 1 |f00| .79| .78| .82| .72| 81 
; ene 2 | 1.50 | 1.09 | 1.14 | 1.70 | 1.83 | 1.10 | .88 | 1.20 
a? fe Bins 8 | 2.00 | 1.78 | 1.73 | 1.70 | 1.50 | 2.17 | 2.50 | 1.88 
at | | 2.50 | 2.18 | 1.69 | 1.60 | 1.80 | 2.17 | 2.07 | 2.01 
5 | 3.00 | 2.42 | 2.65 | 2.40 | 3.2 3.67 | 4.67 | 3.19 
6 | 3.50 | 2.74 | 2.69 | 2.70 | 2.62 | 4.30 | 8.22 | 8.04 
7 |1.00! .91| .98| .86| .90| .85/ 1.12) .93 
8 | 1.50 | 1.16 | 1.29 | 1.10 | 1.22 ae 1.03 | 1.17 
-» Kyseynt bi 9 | 2.00 .93 | 1.40 | 1.05 | 1.00 | 2.15 | 8 50 | 1.67 
Caen Caen 10 | 2.50 | 2.84 | 2.55 | 2.70 | 2.00 | 1.75 | 1.57 | 2.28 
oo 45 atew 11 | 8.00 | 2.56 | 2.75 | 2.97 | 2.49 | 2.64 | 2.84 | 2.71 
reese Ae 12 | 3.50 | 2.77 | 3.75 | 3.41 | 2.91 | 2 89°| 2.95 | 3.05 
Southern. ......... | 3h Oe 2.70 | 2.80 | 2.81 | 2.79 | 2.94 | 2.81 | 2.81 
WB itoiie. 8.18 | 3.22 | 3.17 | 3.19 | 8.20 | 3.15 | 3.18 
15 jrseeee 8.29 | 3.50 | 3.52 | 3.48 75 | 3.42 | 3.51 
| | 
C. G. Bretting & Co.| 16 |......| 1.90 | 1.86 | 1.68 | 1.61 | 1.88 | 1.70 |...... 
Mich. Mal. Iron Co.| 17 |...... 
Bement, Miles & Co.| 18 |...... 2.29 | 2.00 | 2.24 | 1.82 | 2.06 | 1.88 |...... 
A. Whitney & Sons| 19 |...... .87| .72| .78| .68 | 
| 


wre 
oy 
| 
ie 
. 
= x 
i" 
: ATE 
~ 
> 


. 


1100 TRANSVERSE STRENGTH ac casr TRON. 


STRENGTH AS INFLUENCED BY CHEMICAL CoMPOSITION.—Silicon is 


the controlling element, and its influence has been fully explained 
in the foregoing pages. Table III. shows the percentage of 
silicon in each size of test bar. 


TABLE IV. 

PER CENT. oF CoMBINED CARBON. 

| 
Iroquois........... 1 | 1.46 | 1.25 | 1.05 80 | .%6 
2 54 59 56 54 60 
3 48 42 87 34 13 
4 45 48 11 50 
5 35 16 .20 11 10 10 
gal 6 87 | .88 .30 15 11 08 
7 | 1.24 | 88 72 .58 52 46 
8 67 44 50 | .49 46 42 
9 53 42 50 | .46 15 11 
| 10 29 36 43 37 44 45 
11 32 12 ‘09 09 08 08 
12 27 09.09 09 
@outhern ......... 14 | .26 15 | .14 09 09 08 
13 ‘11 10 ‘09 08 | .07 07 
15 10 09 09 08 
C.G.Bretting&Co.. 16 | .49 | .78 | .78 | .49 | 158 | .44 
Mich. Mal. IronCo.| 17 | 2.85 |........\......0- 2.78 | 1.20 | 1.20 
Bement,Miles & Co.| 18 45 50 | .24 12 ‘1 
A. Whitney & Sons’ 19 | 2.95 81 .81 ‘87 89 
| 


Combined Carbon.—Table IV. gives the percentage of this ele- 


ment in each pair of test bars tested transversely. It must have 
been uniformly diffused in the molten metal to have produced 
such a uniform variation in the test bars. 

It is the universal opinion that strength is mainly due to the 
combined carbon which the casting contains, and that weakness 
is caused by changing it into graphite, which mechanically sep- 
arates the grains. I have accepted this opinion, and have given 
expression to itin former papers. This opinion originated with 


the makers of heavy castings, who invariably used irons with _ 


high combined carbon, which is always an accompaniment of 
low silicon, to produce a close grain, and great strength in a 
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eis site For example, an 8-ton anvil block was made from | 
white pig iron which contained about 4 of 1 per cent. of silicon, ‘ : 
and the carbon was nearly all combined. This made a very — 
strong, fine-grained, gray casting. In ChartsI. and IV., Series 17 _ 
made white castings in the $”0,1"0, and 1" x 2" test bars, but the 
2''0, and 4’0 bars were very close. grained gray castings, and 
of extraordinary strength. In the same charts, and in Chart V., ie, a 
the 1 per cent. “ Iroquois,” with combined carbon 1.46 per cent. in | <) 
the bar, produced a stronger bar than any other of the 
six “ Iroquois ” mixtures, which contained less combined carbon. __ 
Viewing the subject of strength and of combined carbon in the _ “e 
light of chemical analyses, no other conclusion could be drawn. ; 
But if the whole nineteen series of test bars are examined, we re 
shall see that combined carbon weakens castings, and never 
strengthens them. 
We shall proceed to prove, from these same series from which 
we have shown how the accepted opinion was obtained, that the — rs § 
decrease in strength of large castings is wholly due to loosely 
united crystals, and not to any change in the proportion of com- ep 
bined or graphitic carbon. is 
Combined Carbon Weakens Cast Iron.—In each of the charts we oe 
see that in the $0 test bars, with each increase in silicon the oy ee 
combined carbon is decreased, and that the strength is increased = 
in the same proportion. In the }’0 test-bars of Series 1 and 7, © 
containing about 1 per cent. of silicon, the combined carbon was oi ‘a 
about 1.50 per cent., and the iron was weak because it was brittle. _ aay ry 
As combined carbon decreased in the $'5 bars with each addi- ses 
tion of silicon the brittleness decreased. This is shown strik- 
ingly in Series 14, 13, and 15. The 39 bars show the natural 
strength of the iron. 
Combined carbon may decrease as castings are larger, but the strength ar a 
always decreases. This decrease of combined carbon and of strength — mete E; 
are both caused by the slow cooling, and the decrease of combined car- — fee ae 
bon has nothing to do with the decrease of strength. a 
One per cent. “ Iroquois,” Series 1, had 1.46 per cent. of c.c. 
in the $"0 bar, which was about one-half white, and cl. c _ 
decreased in the other sizes to 1.25, 1.05, 0.80, 0.76, and 0.70. _ 
In this case strength decreased exactly as c*. c. decreased _ 
(silicon and other chemical elements were practically uniform in ~ 
each size), and as a chemist would look at: it, it would appear — 
that there could be no other reason for decrease in strength than 
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the decrease in conabined carbon, for this is the only channisill: 
variable. 

The fact is, however, the lessening of the combined carbon __ 
made the 1’0 test bar gray, and each successive decrease of 
ce’, c. darkened the color and made the casting more ductile ; in 
other words, slow cooling has done for the larger sizes of test 
bars of the series just what the increases in silicon did for 
the 4+’0 bars of the six series, and this should therefore 
have increased the strength, and it did. But the increase in 
the looseness of the grains on account of the slow cooling de- 
creased the strength more rapidly than this increase of strength. 
Whatever the decrease in strength on account of loose crystalli- 
zation was, it was lessened in Series 1 and 7 by the increase in 
strength due to the decrease in combined carbon, with the result 
that the larger bars were stronger than any others of the six series. 

A further proof is found in the various series in which com- 
bined carbon is the same in each size of test bar; for example, 
Series 16, Charts IT. and IIL., which was from a foundry mixture, 
in which the grain was closed by using No. 1 charcoal iron, | 
“ Hinkle,” for softness, and good small machinery scrap to close 
the grain; c’. c. remained the same in all sizes of test bars, but 
the decrease in strength follows the general law. ag 

Another example proving the same thing is Series 2, “Iro- 
quois,” in Charts I. and IV. The silicon has been increased 
about .20 of 1 per cent., and in all but the }” o bars the com- 
bined carbon is uniform at about .54 per cent., but slow cooling _ 
decreases strength in the large test bars, exactly the same asin 
Series 1. The increase in silicon has, in the 3” 0 bar, taken out he 
brittleness, by diminishing combined carbon, and has thereby __ 
increased the strength 45 pounds. This increase in silicon _ 
causes the grain to become coarse, in the larger bars, more 
rapidly than in Series 1. The large bars grow weak faster in 
Series 2 than in Series 1, in spite of the combined carbon not 
decreasing in the larger bars. In Series 15, Charts I., IV., and 
V., the $" o bar begins with 0.10 of 1 per cent. combined carbon, 
and theme is not enough decrease in this element, in the larger J 
bars, to make any difference in any respect, but slow cooling 
causes the same proportional weakening of the larger bars. The 
closest examination of each series shows how, from a chemical _ 
view, the opinion originated, that combined carbon controlled 
strength ; but the same close study will not show a single proof 
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the existence of combined carbon has no influence, unless to 


weaken a casting by making it brittle. 


CENT. oF GRAPHITIC CARBON. 
| 
Iroquois.......... 1 | 2.86 | 2.60 | 2.88 | 8.08 | 8.05 | 8.18 
a 2 | 3.20 | 8.82 | 3.24 | 38.88 | 3.82 | 8.81 
a 3 | 8.21 | 8.28 | 3.82 | 8.40 | 8.86 8.55 Sees 
4 | 3.10 | 8.24 | 8.27 | 8.41 | 8.60 
5 | 3.19 | 3.40 | 3.34 | 8.47 | 8.88 | 8.42 
6 | 3.01 | 3.08 | 8.08 | 8.24 | 8.19 | 328 
| 
re 7 | 2.78 | 8.18 .29 | 83.42 8.48 | 38.55 
. wis 8 | 83.17 | 3.44 | 8.88 | 8.29 | 38.87 | 8.42 
a 9 | 8.28 | 8.47 | 8.86 | 8.46 | 3:67 | 38.72 
* soe 10 | 2.91 | 2.87 | 2.86 | 2.84 | 2.80 | 2.82 
om : 11 | 8.00 | 3.22 | 8.22 | 8.25 | 3.28 3.28 
ee. 12 | 8.07 | 8.28 | 8.24 | 8.26 | 8.28 | 8.22 
——_ Southern......... 14 2.89 3.08 8.18 | 8.18 3. 4 8.20 
a 13 | 3.08 | 8.06 | 8.07 | 3.07 | 3.04 | 3.08 
oe 15 | 8.038 | 8.01 | 3.07 | 3.06 | 3.08 | 3.11 
C.G.Bretting&Co.| 16 | 8.30 | 3.10 | 3.08 8.82 | 3.22 8.81 
Mich. Mal. IronCo.| 17 24 | 1.90 | 1.86 
<i Bement Miles&Co.| 18 2.90 2.83 2.92 8.06 | 38.11 3.20. 
: A. Whitney &Sons| 19 ‘9 | 2.86 | 2.98 | 8.00 | 8.02 | 2.97 


Graphitic Carbon.—The general opinion is that it causes weak- 
ness. The carbon in a casting, so far as has been proved, is 
either combined or graphitic. If one decreases the other must 
increase ; therefore, if combined carbon produced strength, the 
same facts that seemed to warrant this conclusion of the 
chemists seemed to prove that graphitic carbon produced weak- 
ness. Again, in graphitic iron the grain was coarse, and the 
flakes of graphite lay between the grains, and it seemed self- 
evident that these graphitic flakes must of necessity separate 
the grains of iron and cut the casting up. 

What are the facts? The same proof that has been produced 
in the case of combined carbon, to disprove the accepted opin- 
ion, will apply regarding graphitic carbon, and need not be 


ae that it does this. But we find the most conclu proof that 
r 
< 
4 
: 


From an examination of these series, strength or weakness _ 
seem to be absolutely independent of this element. The loose- _ 
ness of the grain, produced by slow cooling, so separates the 
grains that there seems to be more than enough room for the 
flakes of graphite to lie in the open spaces. It may be even 
doubted if the graphite ever gets between the grains to make 
their union less perfect. The graphitic scales seem to have 
formed in the spaces after the openings have been formed, and 
either act as a cushion, or the scales lie loosely in the cavities, 

This latter supposition seems plausible, from the fact that when 
pig iron, or a casting as large as a pig of iron, is broken, scales 
of graphite fall out in great abundance. ; 

The chemist could, however, draw no other conclusion than 
that which has obtained general credence. 


AL ad; 
dp 


— 


¥ 


ak 


Per CENT. oF ToTAL CARBON. 


1”x 2” o 3” 


a 


| PER CERT. 


© O00 


Se 


Hinkle........... 


Shs 


| 


| 


Southern 


Cr 
wwc 


| 


C. G. Bretting & Co. 
Mich. Mal. Iron Co. 
Bement Miles & Co. 
A. Whitney & Sons 


09 
CO 
2D 
S2SS 


strength is very interesting. The series described in this paper 
do not present enough data to form any conclusions. The only — 


| | | 
a) | | 4” 0 
8.85 | 38. 8.83 |3.845 
> 2 3.86 | 3. 8.91 |8.875 
8.73 | 8. 8.68 |3.718 
3.56 | 8. 3.52 |3.558 
6 3 46 | 8 3.81 13.370 
4.01 4.000 
8 3.84 |8.888 
9 3.83 3.855 
10 8.27 [8.240 
11 8.31 |8.880 
8.28 (8.235 
13 3.15 |8.145 
15 8.19 |8.146 
16 3.75 |8.806 
3.06 [3.085 
18 8.31 [3.89 
19 | 8.86 
Ree Total Carbon.—The bearing of total carbon on the question of me 


same chemical composition. 


ical composition, and vice versa. 
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TABLE VII. 


mon, 


It is 


a 


way. to ‘make comparisons is to compare series containing ex- __ Ret 
actly the same silicon, and otherwise substantially having the | 
Then it would take a large number 
nai of tests to prove anything, for any influence that would cause the yes: 
ae grain to be close would increase strength independently of chem- __ 
It is very difficult to make ~ 
laboratory experiments on carbon in cast iron and preserve uni- 

formity in the rest of the composition. 
add wrought scrap, for this will not only decrease carbon, but 
at the same time the percentage of every other element; and also 
because such scrap will close the grain and increase strength, 
independently of the lessening of carbon. 
possible to form an opinion on this subject at the present time. 


It will not answer to 


therefore im- 


aw 


PER CENT. OF SULPHUR. 


A. Whitpey & 


Iroquois.......... 1 | .056 | .054 | .050 | .046 | :049 | 044 
2 | .046 | .040 | .040 | .089 | .089 | 089 
3 | .082 | .080 | .080 | .088 | .086 | .080 
4 | 1045 | | :047 | 040 | 1044 | 
5 | .017 | .021 | .027 | .081 | .030 | .080 ale 
a 6 | 084 | .088 | .084 | .033 | .028 | .028 oe 
Hinkle....... 7 | 029 | | .081 .038 .080 
8 | .015 | .011 | .010 | .011  .010 
9 | .015 | .011 | .009 | .010 .010 
a. Aree 10 | .021 | .019 | .017 | .019 | .020 
11 .080 | .027 | .025 | .030 .022 
12 .031 .030 | .088 | .026 .029 
Southern. ........ 14 .093 .096 -100 .092 .094 
13 | .091 | .095 | .091 | .093 .091 
15 | .088 | .093 | .088 | .089 | .087 
C.G. Bretting&Co.| 16 | .025 | .080 | .0381 | .029 | .030 
Mich. Mal. Iron 17 Average, .031 per cent. 
Bement Miles & Co.| 18 -052 


Sulphur.—These nineteen series bring out many interesting 
facts regarding this metalloid. The universal opinion seems to 
be that sulphur is a damage to cast iron. I started to prove 
from the nineteen series how opinions, as they exist, originated, 
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and have thus far succeeded ; but in this case of sulphur we can Ke 
find nothing to show a ground for the origin of the opinion that 


prevails. Sulphur is not by any means uniform in the nineteen __ 


series, but there is not the least indication of evil result from its 


presence in the series containing the highest sulphur. The 


variation between the sulphur of Series 5 and 6, “ Iroquois,” or 


between 4 and 5, is enough to influence grain or strength, if the — e 


general opinion is correct, but those with the highest sulphur 


show the most open grain and are the softest. In “Hinkle,” 


Series 7 and 8, the curves are parallel, and sulphur does not 
exert any evil influence. In Series 14, 13, and 15 the sulphur is 
about as high as is ever found in gray castings, and yet these 
series show both small and large castings beyond reproach. No 
chill, no blow-holes, very low shrinkage, and very high strength. 
The high strength can hardly be ascribed to the high sulphur, 
for strength does not increase with any uniformity as sulphur 
increases. 


TABLE VII. 


PER CENT. OF PHOSPHORUS. 


1” x Q” 


- 269 -270 
267 - 268 
283 - 281 
299 


Hinkle -199 .197 

.260 . 258 
.218 -218 
296 


Southern..... | .801 795 
.828 .830 
.975 .972 


C. G. Bretting & Co. | 309 | .330 | .se7 | 
Mich. Mai. Iron Co. ss Average, .222 per cent. 


Bement,Miles & Co. .842 


106 
= 
; 
2 | .273 | 273 | 270 
8 | .270 267 | .266 | 26700 
5 | .883 827 825 | .829 
6 .300 .298 | 
199 | .198 | .200 
168 | .160 | .161 
.800 .255 .283 
| .299 | 
800 | .804 | 
.817 . 830 .825 
972 | | 


TABLE IX. 


CENT. OF MANGANESE. 


1” o 1x 


Hinkle 


SPEARS | 


Southern.. 


Mich. Mal, Iron Co. Average, .363 per cent. 
Bement, Miles& Co. 

A. Whitney & Sons. 


Tables VIII. and IX. give the percentages of phosphorus and. 
manganese in each bar of each series, but the variation is too 
small to allow of an opinion regarding these metalloids. 

These results of chemical determinations are given in this 
paper to show the composition of the castings. The question of 
chemical analysis and its bearing on mixtures of cast iron will 
be treated by Mr. Dickman in the committee’s report. 

The question of tensile strength and of the use of test bars of 
other shapes will also be treated by members of the committee 
most competent to handle these subjects. 

The presentation of the foregoing paper on transverse strength, 
before the committee are ready for a final report, is for the pur- 


pose of giving a more correct knowledge of cast iron. a . 
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Prof. J. B. Johnson.—The author has given us some very 
remarkable results here, especially as showing the influence of 
silicon, and he seems to prove the proposition. Now, I wish to 
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Troquois..........| 1 .85 -36 .B4 
2 31 .30 80 81 .80 

3 | .50 51 .49 .46 

4 85 .30 .82 .38 84 

6 | .43 .45 .41 .40 44 

9 48 | | ‘44 | 149 | 
10 63 71 48 | .48 

| 
15 | .50 .49 .50 .50 .49 
| 
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question the correctness of his logic. He says, very decidedly, 
that these tests show that the ultimate strength of cast iron does 
not at all follow the law of the ordinary formula, as being pro- 
portioned to the square of the depth, directly as the width and 
inversely as the length. Well, that, of course, we know. Now, 
when he has granted that, the very foundation of his argument 
has dropped from under it, because all of these strengths, on bars, 
from one-half inch square up to four inches square, have been 
reduced to equivalent strengths at one-half inch square by these 
same formule which he says cannot be credited. How does he 
get the equivalent strength of a half-inch cross-section from a one 
inch, one by two inch, three inches square, or four inches square 
cross-section? How does he find the equivalent strength of a half- 
inch cross-section from these larger tests, except by using the 
ordinary formula? He does not say that he has used it, but I 
take it that he has used the ordinary formula. 
Mr, Keep.—The ordinary formula? Yes, sir. 

~ -rofessor Johnson.—Now, if there be anything in the composi- 
tion which causes the ordinary formula to be more correct in one 
size than it is in another size—as, for instance, the introduction of 
silicon—if that causes the discrepancy, whatever it be, we have a 
further error introduced by applying an erroneous formula; if that 
effect be different for large sizes from what it is for small sizes, then 
we may trace allof these results, perhaps, directly to the erroneous 
formula used in his deductions. I have had some experience in 
studying the effect of silicon on cast iron, and I have always found 
(my tests were made in tension, with an instrument for measuring 
the elongation or stretch with a very delicate apparatus) that a sili- 
con iron is much more ductile, or it stretches very much more than 
an iron which is low in silicon. Very well. Now, what causes the 
error in the formula 7 = 3 tr, where J = the so-called tensile 
stress on the outer fibres) W=load at centre, / = length, 
b = breadth, and A= height of specimen? Please understand 
that in all of these tables he has given us, where he has reduced 
to equivalent strength of half-inch specimens, he might just as 
well have given us the modulus of rupture per square inch, /, in 
every case, so that we might think of all these values as being the 
old familiar modulus of rupture, which we know is from 36,000 
to 40,000 pounds in cast iron which has a tensile strength of 20,000 
= What we call tensile strength on the extreme fibre is 
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really about twice the actual tensile strength, so that the error is 
enormous. Now, what causes that discrepancy between theory 
and practice? If the material were ‘perfectly elastic up to rupture. 
there would be no discrepancy. That, I think, scientific men are 
perfectly agreed upon. That is, the formula is true inside the 
elastic limit, and if the elastic limit were the rupturing limit, then 
it would be true up to rupture. Now, since the formula fails 
because the material is not perfectly elastic, and because a tensile 
strain diagram is a curved instead of being a straight line to 
rupture, it is evident the more ductile the cast iron the more the 
error in applying the formula; that is, a kind of iron which is 
more plastic and gives a greater development of the horizontal 
part of the curve is the iron which will show the greatest error on 
applying the ordinary formula to it at rupture. Now, the highly 
silicated iron develops a much longer horizontal component of the 
curve than an iron low in silicon. Then that is the very iron 
which, if the ordinary formula is applied to it at rupture, will give 
the greatest error—that is, it will develop the greatest strength 
of the extreme fibre. If, therefore, the formula of reduction 
involves a greater error for highly silicated iron than for low sili- 
cated iron, then may not this wonderful difference in the apparent 
transverse strength of ‘cast iron varying so much in silicon be 
largely due to the varying error introduced by the application of 
the formula? Iam afraid it is probable that that is so, and there- 
fore 1 am not willing to accept a transverse test of cast iron as 
any evidence af the true tensile strength of the iron. The so-called 
transverse strength of cast iron has no existence in fact. What 
we figure out as 30,000 and 40,000 pounds to the square inch 
stress on the extreme fibre is a fiction. There is no such thing in 
fact. There is no tensile strain of 40,000 pounds to the square 
inch anywhere in the bar, and, therefore, it is a mere convention- 
ality. Now, the only way, it seems to me, to determine what 
effect either molecular change, crystallization, or chemical change 
has to do with the real strength of the iron, is, in my opinion, to 
make tensile tests of varying sizes. I think we can, and that it 
ought to be done; and this committee would do well to take up 
that subject, and if this method of making tests produces the same 
thing, then I would agree that the result is wholly due to the 
composition and the crystalline form, or something of that sort. 
Mr. J. L. Gobeilie.—I would like to ask what we care about 
the tensile strength of cast iron. What do we use it for? 
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Professor Johnson.—I will answer that. In studying the effects 
of the chemical composition on strength, we must use tensile 
strength because the tensile strength is the only strength it has 
which concerns us. Compressive strength is, of course, far beyond 
what we need. It is the tensile strength which gives us the cross- 
breaking strength. But we cannot determine the actual tensile 
Strength by the cross-breaking test, and we want to eliminate 
these errors, which necessarily creep in from a variation in size in 
the cross-breaking specimens, if possible. 

Prof. R. C. Carpenter—This matter strikes me in a very 
different way from what it does Professor Johnson. It does not 
seem to me that it makes any great difference to us what the 
theory regarding the breaking of cast iron may be. The desired 
thing with us at present is to have a theory which will agree 
practically with our results. A rational theory can be produced 
when sufficient data are collected. It does not seem to me that 
the tensile strength of cast iron is of very much importance in 
practical application. If it were important it would be a difficult 
thing to determine it accurately in a testing machine, because of 
the brittleness of the iron. It is difficult to hold specimens in a 
testing machine so that they can be broken fairly and truly; but 
even if we had such results, I do not know where, in practice, they 
would be of very much value to us. Now it is certainly true that 
the coefficient which we get for transverse strength is not the 
same as the coefficient for tensile strength, and we could look for 
no agreement, since the coefficiencies of transverse strength are 
applicable only to highly elastic bodies and to those in which the 
neutral axis occupies an assigned position. It seems to me we 
might as well base our work on transverse as on tensile strength, 
and let the theory go until it can be made to adjust the difference 
pointed out by Professor Johnson. Mr. Keep’s work will, in my 
opinion, do much to throw light on this matter. 

Professor Johnson.—I claim that we shall. We shall come 
nearer to the real tensile strength for brittle than for tough or 
ductile cast iron. You may have two kinds of iron, both having 
a tensile strength of 20,000 pounds ; one, being brittle, will have a 
cross-breaking strength of 30,000 pounds; another, being tough 
and ductile, will have a cross-breaking strength of 40,000 or 
45,000 pounds. So that this introduction of silicon, which pro- 
duces this change, also causes the wide difference in relationship 
between the tensile strength and the cross-breaking strength, and, 
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therefore, may produce the very results which the author has 
credited wholly to another cause. 

Mr. Gus. C. Henning.—I would like to say that the committee 
has been very careful to observe the elastic behavior of these bars 
just as well as the ultimate strength; that the committee is not 
concerned with the strength of cast iron; that the committee is 
mainly concerned with devising methods by which cast iron can 
be tested. We have tension pieces which can be tested as soon as 
we get to them. We do not know whether the transverse test or 
the tension test is right, but we do know that we have these 
results. We know that the half-inch bars and all intermediate 
bars are plotted in the same way on the basis of deduction from 
the breaking strength. Whether that is right or wrong has noth- 
ing to do with those bars, because the diagrams are all produced 
in a similar manner. If the method is wrong because the formula 
does not hold, that does not necessarily vitiate these curves. It 
may vitiate the exact termination of the curves and the points 
between, but the proportionate changes will be the same. So I 
do not care what the results are. But the committee thinks that 
the general character of the curve is very indicative of certain 
things that have been observed. We have no results as yet on 
tensile tests, so I do not think that any one has a right to say that 
“he thinks he will get better results,’ when he has not had any 
experience in that direction. We have had experience with trans- 
verse tests, and if you will only give us time we will find out 
whether we will have to discard these or whether we can go on 
and arrive at some results. These papers are Mr. Keep’s mono- 
graphs, based on work done for the committee; they are not the 
committee’s report; and when we get all our figures together the 
committee will say whether its work is all for nothing or whether 
a new method for making tests can be suggested. I know, in 
regard to the tension test, that there is only one machine which 
will give correct results. In spite of the good qualities of many 
others, they cannot make correct tests unless a tower is built above 
them, and to attach the test piece to a long rod, so that there is no 
possible way of producing a lateral strain. If that is not done 
you cannot test the cast iron in tension and get results worth 
having. But the committee is going to find out whether all this 
work will lead to a true indication of the properties of cast iron. 

Professor Carpenter—It seems to me that the difference in 
these results, due to this change of form, length, and size of test 
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specimens, has been very much magnified. I looked over the 
SS figures underlying the results of this paper quite carefully at one 
1 time, and I thought that they ran as nearly in accord as one could 
possibly expect. These figures, I see, do not accompany the 
report as published. 

Mr. D. L. Barnes.—I think we are indebted to Professor John- 
son for starting this very g good discussion, and I would like to ask 
him a question, that is, if he has taken the actual extension 
curve, and calculated the transverse breaking strength of the 
specimen? I have done this for steel, and reached some very 
satisfactory results. With your permission I would like to pre- 
sent a diagram showing what I mean. The ordinary formula 


assumes an extension curve like AC (Fig. 301), in which the 
extension is measured horizontally and the tensile resistance verti- 
Bgit The true extension curve, as shown by Professor Johnson, 
_ issomething like ABC. Taking, now, a specimen, and putting a 
point of support at each end (Fig. 302), and applying the load 
_ in the centre, the formula assumes a stress on the different fibres 
io __ represented by the straight line AC. The true stress on the 
_ fibres is represented by a line something like ABQ, ending at the 
same point as the straight line. Now, by multiplying the stress 
on these fibres by the distance from the centre and by the area 
= of each point of the section, we get nearer the true calculated 
on — strength of the specimen. Maes; in some cases of steel, round and 
. Square sections, I find d that the strength shown by the calculation 
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that I have indicated is almost exactly that shown in the testing 
machine. 

I would like to ask Professor Johnson if he has made any calcu- 
lations of this sort that check up (taking his tensile strengths as a 
basis) with the observed strength of cast iron under a transverse 
test 

Professor Johnson.—Yes, sir. By taking both the tensile and 
the compressive strain diagram, plotting the one on the one 
side, as Mr. Barnes has done, and the other on the other side, 
equating the two areas—those two areas must be equal—and, by 
keeping them equal, making use of the diagrams—the moment of 
resistance is made up of one of these areas into the distance 
between the centres of gravity of the two, and working out the 
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moment of resistance ; in that way you can show that the strength 

of the beam is just what it proves to be; so that you can make 

theory and practice agree. 

Mr. Henning.—And the formula holds good at the point of 
fracture, according to that ? 

Henning—Then it doeshold good? 
Professor Johnson.—No, not the ordinary Soieiiali but a for- 

mula which would be adapted to these curves would hold good at 

the point of fracture. 

Mr. A. Sorge.—It strikes me that an attempt is being made to 
introduce theorizing into a matter upon which gentlemen who 
have had considerable experience are now working for us on this 
committee. We know that we do not want to use cast iron for a 
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TRANSVERSE. 
tensile member in any case. We may know that it is amply 
strong for a compression member. But we are not always certain 
of it where we have to use it under transverse strains; and as all 
the testing work hitherto, in foundries, has been done with trans- 
verse tests on cast iron, it seems to me that the committee is 
working in the right direction in that way. In case theory and 
practice do not harmonize, I should certainly desire to reject 
theory. If we will complete our theory after the committee gets 
through with its actual tests, instead of attempting to harmonize 
the tests of steel with those of cast iron—steel being used for ten- 
sile work, and cast iron for compression and transverse work—I 
think we will be working more in the direction that is actually 
required in practice. As Mr. Keep has shown in his paper, for 
the various sizes of specimens which he has tested there are varia- 
tions which are not directly explainable by our present theories. 
As Mr. Henning has suggested, let us give the committee a chance 
to tell us just what they are doing, and afterwards we can theorize 
on the subject. 

If cast iron is to be used under tensile strain, as, for instance, in 
a steam-engine cylinder, then we can readily deduce the tensile 
strength from a test of transverse strength, by reversing the ordi- 
nary method employed for determining the transverse strength of 
a beam, when the dimensions and tensile strength are given. 

As the character of the iron is different in a four-inch square 
test bar from that in a one-inch square bar, we must take the test 
bar whose character most nearly conforms to that of the casting 
we are figuring on; otherwise we will make a mistake similar to 
that which would occur if we determined the strength of an ingot 
directly from the proportionate strength of a fine wire produced 
from this ingot. 

Mr. Keep.—To find the relative strength of test bars of different 
sizes the strength of a unit of each must be found. The unit 
which I have selected is one foot long and one-half inch square. 
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long, with strength 25,200 pounds, w = 


The formula is w = = For a test bar 3 inches square by 2 feet — | 3 


25,200 x 2 
6 x 36 
Professor Johnson objects to the use of this formula. If the grain 
of each size of test bar had been the same, this formula would 
have given the same strength per unit; but the grain grows coarser 


= 233 pounds. 
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creases. The application of this formula is a simple reduction — 
of area, and shows the relative decrease in strength due to slower — 
cooling, caused by an increase of size. 

The relative variation in strength of test bars of the same size, ==> 
caused by an increase of silicon, can be seen in the actual strength 
of the bars, Table L., or by the strength per unit, Table II. The _ 
trength per unit of the 3-inch square bars is found by dividing __ 
each actual strength by 108. Both of these tables show that an 
increase of silicon weakens large bars and strengthens small bars. 
Professor Johnson doubts this, but says that if the committee $6 ; 
will make tensile tests of varying sizes of test bars, and if such __ 
tests produce the same result as the transverse tests, he will agree 
that the result is due to composition, and the crystalline form. 

The following are the tests that he asks for: 


TABLE X. 


TENSILE Sees PER 9” oF 
EST Bar. 
4 No. Av. PER CENT. 
SERIES. SILICON. 
AREA 1,10 0”. 


Iroquois 


Table X. gives the tensile strength per square inch (per unit) par 
of two sizes of bars made at the same time as the transverse bars” ire ee 
‘shown in Tables I. and I. 

The Iroquois and the Southern series show exactly the same 
results as the transverse tests, viz., that an increase in size Soe 
the grain and weakens the casting ; and that, as silicon increases, _ 
7 large castings grow weaker, and small castings grow stronger. 
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.20 20,580 22,300 
88 | 25,050 
| .93 18,950 17,700 
aa 12 3.05 17,700 17,500 1S 
13 8.18 23,525 20,500 
15 3.50 400 20,300 
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Professor Johnson says that’ the correct transverse strength of 
cast iron can be computed from the tensile strength, but not vice 
versa. “It seems strange that the rule will not reverse. 

Theory and practice will be in perfect accord when the nature 
of cast iron is understood. Formulz or graphic methods will be 
arranged, by which the strength of one size of test bar can be 
computed from that of another size. 

The committee have authorized the presentation of this series 
of monographs on the character of cast iron, to show a reason for 


their conclusions regarding methods of testing, 
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KEEP’S COOLING CURVES+{—A STUDY OF MOLECULAR 
CHANGES IN METALS DUE TO VARYING TEMPER; 
ATURES. 


BY W. J. KEEP, DETROIT, MICH. 


- (Member of the Socicty, and of its Committee on Standard Tests and Methods of Testing 
Materials.) 


In a paper read before this Society last December } I endeavored 
to show that a measure of the shrinkage would indicate whether a 
mixture of cast iron needed more or less silicon, In my reply to 
the discussion of that paper I made the following statement : 
“The question has been raised whether cast iron expands at the 
instant of solidification. There is no such instant. Each crystal 
forms and shrinks on itself, and even if it did expand, it is not 
until such crystals are numerous enough to form a rigid shell that 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 

+ The discovery of these cooling curves was made too late to allow a full 
chemical analysis to be made of each of the test bars, but it seemed a matter of 
so much importance in the future study of iron and steel that this, preliminary 
paper is presented to the Society, by the writer, on behalf of your Committee on 
Standard Tests and Methods of Testing Materials. 

The temperature at which the change in curves takes place will be determined 
as soon as I can arrange the patterns to cast the holes necessary to receive the 
couples of the pyrometer. Messrs. Dickman and Mackenzie have volunteered to 
make all necessary analyses to determine the relation of chemical composition to 
the expansions. 

Mr. E. E. Mains, chemist of The Detroit Steel and Spring Works, has made 
the determinations which are now given, which very materially add to the inter- 
est of this paper. His company made the bar of mild steel casting shown in 
Chart I. The Michigan Bolt and Nut. Works of Detroit, who heat their fur- 
naces by crude oil, made Curves 11a and Nos. 31, 32, 38, 34, and 35 from rolled 
iron and steel. The Michigan Malleable Iron Company of Detroit, who use only 
charcoal iron, made Curve No. 10 from the white iron that they pour into castings 
for malleable iron. 

Mr. Henry Penton, draughtsman of The Frontier Iron Works of Detroit, has 
done much to help along this work by duplicating drawings. 

t This investigation was undertaken at the suggestion of the committee, made 
at a meeting held on December 5, 1894, at which the question of expansion of 
cast iron was discussed, without reaching any conclusion. 
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the casting can shrink, and any expansion of each crystal could 

not affect the whole casting.” The following investigation was 
made to prove the truth or error of this statement. 

Does each Crystal Expand as it Forms ?—W hen cast iron enters a 

cael: mould a thin skin of solid iron is instantly formed by the cooling 


Fie. 303. 


— action of the sides of the mould. This is proven by breaking a 
ero which is still fluid ; the central portion will run out, but 
the skin will settle on the surface of the metal which remains, but 
will retain its own integrity. Having once formed, the heat of the 
metal can never melt it again, though at first it has no rigidity, 
but is apparently in an amorphous condition. New crystals form 
on the interior of this skin very rapidly, and as the mould prevents 
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any expansion outward, if there was any expansion it would be 
inward, which would lessen the holding capacity of the interior. _ 
This skin in a few seconds becomes rigid. The fluid interior is — 
contained in a rigid shell of the same metal at practically the 
same temperature as the melted portion. Fig. 303 shows the top of 
a runner from a blast furnace pig bed, the molten inside having 
run out. The individual crystals must be of the same formasthe 
aggregations, which are regular octahedrons. The edges of the 
largest are §” long. The mounted sample is perfectly regular, 
each edge }” long, and was obtained at another time. Each 
aggregation has formed independently of others, and all are at- 
tached to the outer shell. 

When the sprue has a shell formed on its top surface, if a hole 
is broken through it the currents of the molten metal can be seen, 
but no metal ever exudes; but, on the contrary, if the casting is of 
any considerable size the fluid metal will sink, and to produce a 
full casting more fluid metal must be fed to it. This proves that 
the fluid metal does not expand as it loses heat, and it also proves 
that each crystal does not expand, at least not so fast as to over- 
come the general shrinkage from loss of heat. 

Autographic Record of Shrinkage.—Fig. 304 is a cut of the 
machine by which this record was made. A mouldis made of 
a test bar 1” by 26” long. In the front of the flask, near 
the ends of this mould, recesses are cut to allow the ends of the 
mould to be reached. The top of each end of the mould is cov- 
ered with a piece of tin having a j” round hole through it, the 
two holes being 244” apart. The autographic machine is at-— 
tached to the mould in each recess by a 4” round pin which pro- 
jects upwards to form a bearing for the arms which are to transmit 
the motion of the test bar. The inner end of each arm is 2” long, 
and the outer end is 20” long. Through the inner end of the 
arms is a }” hole corresponding with the hole in the tin cover of 
the mould. Through each of these is passed a }” pin of Stubbs 
steel. The inner end of this pin projects downward through the 
mould. This pin is located at the front edge of the mould, so that 
the first skin formed shall embrace it. The outer ends of the arms 
multiply any motion of the ends of test bar ten times. The right- 
hand arm moves a slide which carries a recording pencil, and the — 
left-hand arm moves a slide upon which islocated a cylinder which __ 
contains the ruled record paper, and also carries a clock which al- — 


lows the cylinder to turn once each hour. The paper is ruledin 
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1” squares, each divided into twentieths. The cylinder has a cir- 
cumference of 12 inches, which makes each inch nggasured circum- 
ferentially on drum equal to five minutes oO? tim®™ As one arm 
moves the pencil and the other moves the slide which carries the 
cylinder and clock in an opposite direction, the record is the sum 
of the motions of the two ends of the test bar, and as this is 2 
feet long, to find the motion of the test bar per foot of length, the 
record must be divided by 20. If the record shows a motion of 
the pencil to be half an inch, or ten of the small divisions, the 
motion of each end of the bar would be } of one division, or +34,. 

The frame of the machine is of wood, to prevent expansion or 
contraction, and the apparatus with the test bar is entirely self- 
contained. 

Shrinkage Curves.—As metals expand as they receive heat, and 
shrink in proportion as they lose heat, the record of such 
simple shrinkage should be a curve showing these proportions. 
Chart I: shows such curves from the most common metals. A 
shrinkage takes place while the metal is still fluid which causes 


the metal in the gate to sink, yet the pins in the end of the test © 


bar will not move until the casting is solid, and such shrinkage 
in the fluid metal cannot alter the size of the casting. The 
curves show the length of time it took each metal to become solid. 
Block tin remained fluid 11 minutes, while lead was fluid only 24 
minutes. As soon as the 1” o bar becomes solid the shrinkage 
of the test bar begins. 

Yokes for Chilling and Fixing the Length of Test Bars.—Holes to 
receive the pins of the machine were drilled in each end of a yoke, 
and a test bar 1” 0 was cast, its ends running against the ends 
of the yoke. Curve ab on Chart I. (Fig. 305) shows the motion of 
the ends of the yoke. The bar connecting the ends of the yoke is 
1” o, or the same size as the test bar, and there is 1” of sand 
between them, but the diagram shows that the yoke expanded at 
once when the iron filled the mould. Curve No. 2 is from a 1” o 
test bar, cast with its ends against the yoke, the pins in this case 
being in the test bar. The ends of the test bar did not move for 
one minute, so that the chilling against the yoke ends was instan- 
taneous, for the yoke expanded away from the bar at once, and 
never came in contact with it again. Curve No. 3 is from the 


same iron mixture, from a bar cast in sand without a yoke. The 


curves show the variation in No. 2 on account of the cooling 
action of the yoke. All of the test bars made for the Society’s 
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1” squares, e a divided into twentieths. The wien’ has a cir- 
cumference of 12 inches, which makes each inch measured circum- 
ferentially on drum equal to five minutes of time. As one arm 
moves the pencil and the other moves the slide which carries the 
cylinder and clock in an opposite direction, the record is the sum 
of the motions of the two ends of the test bar, and as this is 2 
feet long, to find the motion of the test bar per foot of length, the 
record must be divided by 20. If the record shows a motion of 
the pencil to be half an inch, or ten of the small divisions, the 
motion of each end of the bar would be } of one division, or +#4,. 

The frame of the machine is of wood, to prevent expansion or 
contraction, and the apparatus with the test bar is entirely self- 
contained. 

Shrinkage Curves.—As metals expand as they receive heat, and 
shrink in proportion as they lose heat, the record of such 
simple shrinkage should be a curve showing these proportions. 
Chart I. shows such curves from the most common metals. A 
shrinkage takes place while the metal is still fluid which causes 
the metal in the gate to sink, yet the pins in the end of the test 
bar will not move until the casting is solid, and such shrinkage 
in the fluid metal cannot alter the size of the casting. The 
curves show the length of time it took each metal to become solid. 
Block tin remained fluid 11 minutes, while lead was fluid only 24 
minutes. As soon as the 1” o bar becomes solid the shrinkage 
of the test bar begins. 

"okes for Chilling and Fixing the Length of Test Bars.—Holes to 
receive the pins of the machine were drilled in each end of a yoke, 
and a test bar 1” 0 was cast, its ends running against the ends 
of the yoke. Curve ab on Chart I. (Fig. 305) shows the motion of 
the ends of the yoke. The bar connecting the ends of the yoke is 
1” 0, or the same size as the test bar, and there is 1” of sand 
between them, but the diagram shows that the yoke expanded at 
once when the iron filled the mould. Curve No. 2 is from a1” o 
test bar, cast with its ends against the yoke, the pins in this case 
being in the test bar. The ends of the test bar did not move for 
one minute, so that the chilling against the yoke ends was instan- 
taneous, for the yoke expanded away from the bar at once, and 
never came in contact with it again. Curve No. 3 is from the 
same iron mixture, from a bar cast in sand without a yoke. The 
curves show the variation in No. 2 on account of the cooling 
action of the yoke. All of the test bars made for the Society’s 
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on of Testing were made in yokes, and all 
bars were shaken out of the moulds at once. In all the bars 
larger than 1” 0 the expansion of a yoke would be much greater 
than for a bar 1” o, for the reason that the bar connecting the 
heads of the yoke was always 1” 0 and 1” from the test bar, and 
the larger test bars would, therefore, heat it more quickly and to a 
greater extent. The 4” test bars were cast in a yoke with a }” 0 
bar vonnecting the yoke heads, but in each case the }” test bar 
shrinks away at once (see Curve No. 18, Chart III.), and could 
never touch the yoke after the instant that mould was filled. 
Curves from Cast Jron.—These vary in shape with change in 
chemical and physical composition. Iron with silicon quite high 


as 


makes the most attractive. curve, and Curve 11, Fig. 306, is there- 
fore taken as an example. The silicon was 3.85 per cent., P 1.00, 
S 0.10, Mn 0.50. The carbon is about 3.10, which is low. This 
is a mixture which gives excellent results for thin castings which 
are very strong and soft. The lower the carbon the higher must 
be the silicon to produce soft castings. The curve shows that 
the casting remained fluid for 1 minute, during which time the 
ends of the bar remained stationary. When the whole of the test 
bar had become solid it expanded for 16 minutes. The expansion 
began 14 minutes after the mould was filled, increased until 34 
minutes, then decreased until 7 minutes. This I name the Ist 
' Expansion. The expansion then increased until 8 minutes, and 
decreased again until 10 minutes. This I call the 2d Expansion. 
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between 124 and 14 minutes, and decreasing until 16 minutes, 
or a little later. This I call the 3d Expansion. When these =~ 
expansions are completed the regular shrinkage curve from the Soe, ee 
loss of heat is formed, the same as in the simple metals. ‘ 
This shrinkage had been acting from the beginning, for the 
metal had been parting with its heat all the time, but the expan- — 
sions were great enough to overcome all this shrinkage during a 
the first 16 minutes. Another proof of this is that the shrinkage —~- 
curve of all 1” 0 cast-iron bars takes substantially the same direc- _ i 
tion after the 3d Expansion is completed. This is beautifully = 
shown in Curve 35 of Chart IV., where the dotted line shows the | 
location of the shrinkage curve if no expansion had occurred. ah a 
Solidifying of Cast Iron.—To get an explanation of Curve No. 
11, 18 test bars 1” G and 1 foot long were poured at the same time 
as the 2-foot test bar from which the diagram was taken. As the 
bars were made in a snap flask there was nothing around the bar ee 
but sand. The first bar was numbered 19. At the end of Ll 
minute the iron in the gate was still fluid. At 1} minutes the sand 
was cut away and the bar taken out, but it broke by itsownweight, ~~ 
though it was not fluid. One half of this bar wasdropped intoa 
barrel of ice water and the other half was allowed to coolin the _ 
air. At the end of each minute thereafter the sand was cut away 
from a bar, which was broken, and half of it dropped into the ice 
water. From the fact that the cooling of a 1” 5 bar in water cannot 
be instantaneous, and that anything short of that would allow =—— 
a change in crystallization, the quenched bars give only a faint = 
idea of the condition of the iron at the time it was taken from the © 
mould. 
Each bar was a little stronger than the preceding one, and as — 
soon as it could not be broken with a pair of pincers alone, one- __ 
half of the bar was placed in a hole in a heavy block of iron, __ 
when a wrench of the pincers would break it. Then a light blow _ 
of a hammer, and toward the end quite a sharp blow from afivee 
pound hammer was needed. a 
Curve No. 11, Fig. 306, was then divided according tothe timesof __ 
breaking the 18 bars, to see which belonged to the different parts 
of the curve. Previous to making the bars described, and while 
Curve No. 13, Chart II. (Fig. 307), was being made, asimilarnum- _ 
ber of bars numbered from 1 to 18 had been broken. ey 
Hard or Soft Cast Iron.—An examination of the fracture of these _ 


two series of quenched bars shows a great aaa in the crystal- 
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tures do not at all show what the iron really was, because quench- 

ing cannot entirely prevent the crystals assuming their natural 

form. The whole change from melted iron to a soft gray crystal- 

line casting, shown by Curve No. 11, can take place in a thin cast- 

ing in less than a minute (see Curve 17, Chart IT.). If a non- 

chilling iron, like that from which the Curve No. 11 is made, is. 

poured against achill, only a very thin portion will be chilled, and 

behind this, toward the molten mass, will be formed a dense black 

soft grain, probably at the same instant with the chilled portion. 

This instantaneous passage of cast iron through all of the stages 

of crystallization, from fluidity through the 3d Expansion, makes 

it impossible to fix the iron at any instant. To get an approxi- 

mate idea of the state of the iron, the bars numbered 19, 25, and 

. 30 were selected for analysis; No. 19 before the iron was solid, 
No, 25 during the 2d Expansion, and No. 30 just as the 3d Ex- 
- pansion had reached its maximum. The combined carbon in bar 
: No. 19 was 0.60, in bar No. 25, 0.45, and in bar No. 30 it was 0.06. 
From the location of the curves, bars 26, 27, and 28 were probably 
pean as hard and contained as much combined carbon as No. 25. As 
bar No. 28 probably contained 0.40 combined carbon, and as bar 
. No. 30 contained only 0.06 combined carbon, which is the same 
percentage as was contained by the portion of the bars which 
were allowed to cool in the air, it appears that the change of com- 
bined carbon into graphite takes place in less than one minute in 
a casting 1” 5 cooled in its own mould, and that this is the time 
when hard iron changes to soft iron. After the 3d Expansion no 
further change in the crystalline structure took place, and the 
shrinkage curve was that ordinarily made by the loss of heat. 
The bars Nos. 19 and 25 were so hard that they could not be 
touched with a drill, and it was very difficult to break off enough 
for analysis. Itwould seem that the bars were much harder than 
could be accounted for by the 0.60 per cent. of combined carbon, 
while bar No. 30 was very soft. The final arrangement of crystals 
aa took place during the 3d Expansion, and at that time the iron be- 


Biear came soft. Calling an iron by the number of its curve, No. 11 was 


-, intensely hard for the first 10 minutes and became soft during the 
3d Expansion. In Nos. 12 and 18 the 3d Expansion was almost 
lacking and the iron was left in its hard state. The facts were 
that the castings made from the mixture of No. 11 were all soft, 
while those made from Nos, 12 and 13 were difficult to drill. 


line structure before and after the 3d Expansion, but these frac. 
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Much depends upon the character of the original irons. No. 
10 would almost scratch glass, but Nos. 6, 7, 8, and 9, made from 
pig iron only, and melted in a crucible, though the 3d Expansion 
is not great, were soft. An investigation may show that the Ist 
Expansion, being so large, had a softening influence, or that the 
entire absence of the 2d Expansion may account for it. 

Silicon is a Softener and a Lessener of Shrinkage-—Curve No. 4, 
Chart IT., shows an immense 3d Expansion, and the iron is so 
soft and open as to be very weak, and the silicon is 3.49 per cent. 
Curve No. 5 is one of iron containing 3.10 per cent. of silicon. 
The 3d Expansion is not so great, and the iron is not quite as soft 
asin No. 4. Each lessening of silicon lessens the 3d Expansion, 
and the iron is harder each time. The silicon of No. 11 is higher 
than that of No. 4, being 3.85 per cent., but No. 11 is from a 
regular cupola mixture of close-grained low carbon irons, and 40 
per cent. of the mixture is the sprues made the previous day, and 
the latter have been melted over each day. In irons producing 
curves Nos. 4 to 9, and 14, 15, and 16, the total carbon was nearly 
4.00, and all are open-grain pig iron, and melted without scrap in 
a crucible. In Nos. 11, 12, and 13 the carbon was about 3.10 
per cent., phosphorus was 1.00, and sulphur 0.10, per cent., while 
in the crucible irons Nos. 4 to 9 P was only 0.20, and S 0.04. 

In the practical application of cooling curves to foundry work, 
the mould can be made in 20 minutes, and as soon as the iron 
is running the bar can be poured. It takes 15 minutes tofind 
the 3d Expansion. It is at once apparent whether the mixture 
needs more or less silicon, and the charges of iron can be changed Sag 
at once, if necessary. : 

Phosphorus, Sulphur, and Manganese in Cast Iron.—In Curve No. 
14 phosphorus is 1.14 per cent., and the silicon is 2.44 per cent. | 
The 1st Expansion continued longer than in Curve No. 6, the 3d 
Expansion was greater, and the casting, therefore, is softer. The ee 
final shrinkage begins higher up or from a greater initial expan- 
sion, and the total shrinkage is therefore less thanin No.6. In | 
Curve No. 15 manganese was increased to 0.83 per cent., while the _ 
silicon is substantially the same as in No. 6, which was about — Ma 
0.50. The iron was hotter, and for this reason it remained fluid _ 
for two minutes. The 1st Expansion was of shorter duration. A2d 
Expansion is almost apparent, and the 3d Expansion occurred 
later, and was greater than in No. 6, therefore the iron was no 
harder. In Curve No. 16 the anes was 0.169 per cent. This 
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1126 KEEP’S COOLING CURVES. a 
has greatly lessened the duration of the 1st Renee and has 
both shortened and reduced the 3d Expansion, and has therefore 
caused the iron to be harder than that of No. 6. 

Size of Casting, and Hxpansion.—Charts III. (Fig. 308) and V. 
(Fig. 309) show Curves Nos. 17, 18, 11,19, 20, 21, and 22, from test 
bars 1", 0,1" o, 1"x 2”, 2” 0, 3” o, and 4” o, which are 
the sizes that were made for the committee’s strength tests. In 
No. 17 the casting became solid in 20 seconds, with a very slight 1st 
Expansion, and the 3d Expansion probably occurred in 1} minutes. 
In No. 18 the 1st Expansion began as soon as the bar was poured, 
and the curve shows the 2d and 3d Expansions. In No. 19 the 
thickness of the bar was the same as in No. 11, but the width was 
twice as great, and the ratio of cooling was slower, and there- 
fore all three expansions are retarded. In Nos. 20 and 21 the 
iy: _ size of the bar was so great that it was not congealed in the centre 
for some time after pouring, and the early beginning of the 1st 
ee pa Expansion must have been on account of the pins of the test bar 

a oe located on the edge of the mould. As soon as the shell 
- became rigid enough it expanded, the same as any solid casting, 

= the slowness of cooling prolonged the period of each expansion. 

The rate of cooling causes the location of the expansion curves to 

is. be formed either earlier or later. 

Effect of Hot or Dull Iron on Shrinkage.—Much of the discussion 

4 - my paper on shrinkage at the December meeting was regarding 
- this question. Chart IV. (Fig. 310) gives four examples of hot and 
The apparatus was arranged to make two 
ae at one time, and the test bars were half as long as those 
Ag a - already examined. The lateral enlargement of the diagrams in this 
yh chart i is therefore only ten times, but the horizontal time measure 
is the same as before. 

In each of the four examples presented, iron was caught in a 
ladle and emptied out several times in succession so as to heat it 
very hot, and then 35 pounds of iron was caught and a bar 1 foot 
long and 1” o was poured immediately. The ladle was then allowed 
to stand until a shell had formed on the top of the remaining iron. 
A hole was broken through this shell, and the iron under it poured 
into another test bar of the-same size. This iron was as dull as 
would fill the mould, and to insure a full test bar the gates had 
been cut nearly as large as the mould for the bar. The iron put 
into the first mould was white hot, and flowed like water. The last 
was red and sluggish. The hot bar, No. 26, became solid in a little 
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more than a minute, when the expansions began. The 2d Expan- 
sion had begun when the dull bar was poured, yet the dull bar 
went through the expansions so much more rapidly that the 
temperature that produced the 3d Expansion was reached in both 
the hot and dull poured bars at nearly the same time. The final 
shrinkage of the two did not vary much, though the hot bars 
shrank a little the most. The dull poured bar went through the 
changes more rapidly, because it entered a cold mould, and was 
nearer the temperature at which the 3d Expansion would occur, 
to begin with. The location of the hot and dull bar in the flask 
was changed each time. because the improvised recording pencil 


Fie. 310. 


++ 


at the left hand did not make as true a curve as the right-hand 
pencil. 

Temperatures at Which the Three Expansions Take Place.—Mr. 
Henning has arranged to determine these temperatures with a La 
Chatelier pyrometer, but the diagrams themselves show that each 
expansion occurs at a definite temperature. . In Chart IV., the 
hot-poured bars had a greater amount of heat to impart to the 
mould than the cold-poured bars, and the temperatures necessary 
for the formation of the curves were reached after a longer interval 
of time. The No.10 bar in Chart IT. was poured very hot, and the 
3d Expansion occurs after a greater interval of time. Nos. 7 and 
9 were dull, and the 3d Expansion occurs earlier than in the 
others. 

If the rate of cooling is slower it will take a longer time to 
reach the temperature at which each expansion takes place. For 
example, in No. 11, Chart V., the 3d Expansion took place in 12 
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minutes; in No. 19 it was 20 minutes; in No. 20 it was 40 min- 
utes ; in No. 21 it was 85 minutes; and in No. 22 it was 140 
minutes, which corresponds with the rates of cooling. It is im- 
portant to prove that each expansion occurs at a definite tem- 
perature, and it would be a great satisfaction to know the exact 
degree of heat. The cast-iron test bar, as shown by the 18 bars 
that were broken, was at quite a red heat at the3d Expansion. It 
may be found that a change in chemical composition may hasten 
or retard the formation of the curves, irrespective of temperature. 4 
For example, in the curves of iron and steel, Chart IV., the bars 
had just a reddish tinge in the sunlight, while the expansion was 


taking place, and were a dull red, if shaded; and this curve must : : 
correspond with the 3d Expansion in cast iron, which takes place ce 
at a bright red heat. 4 


When does Carbon Combine when Heated towards Fusion ?—The 
cast-iron test bar from which Curve No. 11 was taken was heated as. 
much as it was thought it would stand without breaking, and was a 
placed at a bright red heat on the pins of the machine. The result 
was a curve, lla, Chart II. As this bar was cooled in the open 
air the change was very rapid, and the proportions of the diagram 
are different from the original. The diagram begins just before 
the 3d Expansion. This shows that the crystalline structure which 
produced the 3d Expansion had been changed during the latter 
part of the heating to the structure which preceded the 3d Ex- 
pansion. At that time most of the carbon was combined, and the 
iron was extremely hard. This experiment shows that in melting 
graphitic cast iron the graphite changes to combined carbon when 
the temperature of the 3d Expansion is reached, instead of at the 
temperature of fusion. Unlike white cast iron, the iron is in an 
expanded state from the 3d Expansion to the point of fusion ; 
7.¢., the atoms are not as close together. In white iron, with the 
carbon combined in the cold casting, there is no change in the 
crystalline structure during the heating, and the iron does not 
reach the expansion which causes it to fuse until just before a 
fusion. Gray cast iron reaches its greatest expansion much 
sooner than white iron, with the result that it melts from the out- 
side of the casting, and does not become plastic to the extent 
that white cast iron does. 

The bar which produced Curve No. 11 was again heated, to de- 
termine if a lower point on the curve could be reached, but it fell 
apart in handling. Practically, the 3d Expansion is all that can 


KEEPS COOLING CURVES. 
| 
in 
A 
yo 
ah 3 
an 


KEEP’S COOLING CURVES. 


be reached by reheating. It was found that the bar was too long ch 3 
to go in the machine after the second reheating, showing thattwo __ 
heatings above the 3d Expansion had increased the size of the _ 


crystals the same as ordinary annealing. The temperature for 
annealing should, therefore, be that of the 3d Expansion. 


To illustrate the expanded condition of cast iron of the quality = re: 
of No. 11, two of the gates from the 18 bars that were broken _ 


were cleaned, and one of them was polished. Two ladles of 


melted iron from the same heat were placed on the floor, one of : m a 


the 14-ounce -gates was placed in each. They were plunged into 


the fluid metal at first to cause the melted iron tocome incon- = 
tact with the surface. Both gates (about 1” round x 4” long) lay oe oe 


on top of the melted metal until they were melted, about one- 
fourth being above the surface. This took two minutes. 


Curves from Heated Rolled Steel—Chart VI. (Fig.311). Thefirst 
bar treated was a bar of merchant iron 1” 0 by 26” long, with the 
holes for the pins 233” apart. The expansion was so great that  =—— 
when white hot it was 24} long. As these bars were cooled in 
the open air the shrinkage was very rapid. The curve of No. 31 | 
changed slightly after one minute, but it would need other tests =| 
to show whether the metal became at all crystalline. The next — 
tested was a bar 1” 5 of Jessops tool steel, Curve No. 32. This 2 3 
was then heated again, to see if it would become more coarsely _ 


crystalline, Curve No. 38. The expansion (which is the 3d) at | 


the first heating was blended into the curve of shrinkage, and was 


of shorter duration than that of the second heating, showing that _ 


it became more coarsely crystalline by reheating past the 3d 


Expansion. This was on account of its high carbon. (The pins 
of the machine, which were of Stubbs steel, became enlarged by i ‘ 


repeated heatings.) The next tested was a bar of 1” O mild steel, 


3 


with carbon 0.45 per cent., which was expected to behave more a AS 


like No. 31. The expansion curve, 34, was so great, however, that 
while the 2-foot bar was shrinking at the rate of 43%; inches in 4 
minutes, the 3d Expansion overcame this shrinkage and carried the - 
pencil backwards ;}%, of aninch. The second heating gave Curve — 
35. These curves show that the shrinkage is going on at the same 
time with the expansion, for the direction of the shrinkage curve - 


“a 


after the expansion is the same as it would have been if no expan- — 


sion had taken place, as shown in each case by the dotted line. 
The total shrinkage of any iron or steel is therefore decreased by 
the amount of the expansion. 
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At the siikies on of the 0.45 C steel, when the expansion 
began, the color in sunlight was dark, with a faint red tinge; by 
shading it from the light the side of the bar away from the light 
was red. When the expansion was over, the bar on the side away 
from the light was a dull red. The foreman said that if the steel 
was red short it would break if forged at such a color as existed 
during the expansion. This remark, and the difference between 
the expansions of Jessops high carbon steel, and the 0.45 per 
cent. carbon mild steel, suggest the possibility of determining this 
property in such metal by the use of these expansion curves. 

In the practical application of these cooling curves, any bar 
of iron can have two }” holes drilled, 23?” apart, in ten minutes ; 
it can be heated in ten minutes, and the record is made in five 
minutes. 

Relation of these Expansions to the Critical Points of Tron and Steel. 
—This cannot be ascertained until the temperature at which each 
expansion takes place is determined. If these expansions should 
occur at the temperatures 850°, 750°, and 650° C., which correspond 
to the critical points Ar 3, Ar 2, and Ar 1, these expansions are 
caused by a change in the length of the test bar; in other words, it 


is purely a physical change, and not at all caused by any increase in 
temperature. Ifthe expansion was caused by a rise in temperature, 
then, in diagram No. 11, during the 3d Expansion the temperature 
must have been higher than when the iron was melted, which idea 
is absurd. 

The expansion curves are caused by a rearrangement of crystals, 
and is purely a physical process. 


REcorD oF Test Bars, CRUCIBLE MELTING. 
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- The test bars made for the committee from these mixtures of — 
iron were melted with coke in a cupola and absorbed sulphur. In 
iron melted in a cupola, silicon generally increases strength until © 
it reaches 3 or 34 per cent., according as the carbon is high or low. © 
With high carbon, and melted in a crucible, in this case strength 
decreases after 2.25 per cent. silicon is reached. we 
Strong and Weak Cast Iron.—Strength is entirely dependent — oe 
upon the character of the crystallization. The following case 2 
proves the truth of this statement. One flask contained, to i ae 
the yokes for measuring shrinkage, one test bar }” o, and one .; 
"x1", both run from one gate ; another flask contained nothing © = 
but two bars, both on one gate, and all were 12” long. Forty 
pounds of molten iron was caught from the cupola, and ordinary | 
small work poured from it. The two moulds were poured with — 
the last iron in the ladle, one immediately after the other, and the 
bars were removed from the mould in about five minutes. The 
3" O bars were numbered 1, 1-1, 1-2, and the record of strength — 
and analysis is as follows: 


1- 550 Ibs, | 3.020 | 1.130 | 0.075 | 0.360 
1-1 | 412 Ibs. . : > 2.990 | 1.170 | 0.074 | 0.361 


| 
| 


1-2 | 440 lbs. 


E. E. Ki00z, Chemist. 


The crystallization of No. 1-1 was much coarser than that of 
No. 1. Ihave found that forcing the iron into the mould and 
making the bars larger than half an inch square, or pouring so 
light as to make the bars smaller than the standard, the strength 
is hardly ever in proportion to the size, and the yokes never seem 
to influence the strength. The character of the crystalline struc- 
ture exerts a much greater influence upon strength than any 
chance variation in size. These results show that strength may 
vary in spite of identical chemical composition. The amounts of 
silicon and graphite are as nearly identical as chemists can work, 
and another determination from the same lot of drillings would be 
as likely to reverse the results ; in other words, the chemical com- 
position of the strong and weak bar is identical. This is not an 
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excoptidnal case. With the same mixture of iron the record of 
4" O test bars for three days was as follows: 


Bar 1. | Bar 1-1. Bar 1-2. 


875 390 365 


443 360 450 
520 455 480 


The final adjustment of crystals and formation of graphite in 
half-inch bars occurs within three minutes after the mould is filled. 
It is a question whether a jar or vibration would hasten or would 
influence the formation of crystals, and in that way affect the 
strength of a casting, or whether the manner in which the iron 
enters the mould exerts any influence. 

Perhaps this question can be answered by obtaining autographic 
records from a number of bars, all poured from one ladle, and 
consecutively, without loss of time. 
ike It appears that the discovery of these cooling curves may lead 


to a perfect understanding of these intricate molecular changes. 


DISCUSSION. 


Prof. J. B. Johnson.—I would like to ask the author if he has 
any explanation for the remarkable difference in strength between 
half-inch bars, poured from the same ladle in close succession, 
given on page 1131, one having 550 pounds, and the other 412 
pounds. He states there was a remarkable difference in the two 
breaks in the matter of the size of the crystals, but they had the 
same chemical composition, and were poured at the same time, 
from the same ladle; and he explains the difference wholly by 
the difference in the size of the crystals. Can he explain why 
those crystals were of different size? Were they cooled at a dif- 
ferent rate or moulded in a different manner ? 

Mr. Keep.—This example on page 1131 is one of the ordinary 
daily tests in our foundry. Our test consists of making two flasks 
of test bars, one of them with a test bar one inch square in it, and 
the other having two half-inch square bars in it. I say in this 
paper that the ladle contained about 40 pounds of iron. One 
of the flasks was poured from this iron, and then the other im- 
mediately afterward. So far as we know no change took place. 
We do not know that anything was done to either of the boxes. 
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The moulder shook them out in the ordinary way, but there was 
this wonderful difference in strength. It is a curiosity. Every- 
body who tests cast iron finds the same differences. In this one _ 
case I sent the two bars to have an analysis made, and the chemi- — i 
cal composition of the two bars is identical. The grain of “a 
weak bar appears to be coarser than that of the strong bar. ions 
think there is no question about it. 

Professor Johnson.—And there is no difference in the moulding 
or cooling ¢ 

Mr. Keep.—Not the slightest difference that I know of. 

Professor Johnson. —Both poured from the same ladle ? s 

Mr. Keep.—Both poured from the same ladle, and poured ae 
the same time. ee 


“al 


Professor Johnson.—And you have no explanation ? ms 

Mr. Keep.—No, sir. But it is suggested here that an explana- a 
tion will be sought. One experiment I should try at once would — 
to make two flasks, and have a little apparatus which would con- 
tinually tap one, and make the other remain still, to find out what 
caused the difference in those bars. . Or, perhaps, as I indicate — tie 


here, it may have been the way the iron entered the mould. 

_ Professor Johnson.—Might it not be a defect in one of the bars oe 
_ Mr. Keep.—There was no defect whatever. Both bars areab- _ 
solutely perfect. A microscope does not show the slightest ee ge 
shut nor the slightest flaw. More than that, I picked « out other e. 


bars of the same kind and examined them. It is not an isolated — gare a e 


case; it is a case which occurs in every man’s experience. It is 
the most provoking thing which. can happen, because a casting 
which you think is strong is weak. That is the reason you give Ae 
such a wide margin to cast iron, when it is used. r 

Professor Johnson—Then why do you come to the very posi- 
tive conclusion that the difference is wholly due to the difference 
in the size of the crystals ? 

Mr. Keep.—In the first place, the size of the crystals is apparent 
to the eye, and in the next place, the chemical analysis does not 
show any difference. There is no doubt about its being due to the 
size of the crystals; but I do not presume to say what made the 
crystals larger in the weak bar. 

Mr. Joseph C. Platt.—I have had that same experience, and 
attributed it sometimes to carelessness in testing the bars the 
wrong side up, or that the sand in one flask was more damp than 
in another. Of course, that is a sa dicen you cannot measure. You 
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may have uniform sand, but the moulder may sponge one flask 
more than another. It depends on the moulder; and although 
he may be perfectly sure that the sands are just alike, yet we are 
very frequently sure, or think we are, about things concerning 
which we afterwards find we were mistaken. 

Mr. Keep.—The remark that has just been made leads me to 
say that these small differences are imaginary. We imagine that 
because the sand is a little different in one case from what it is in 
another it makes a great difference in the casting. If tests are 
made, it will be found that these variations are so great that they 
cannot be accounted for in that way. On the other hand, our 
sand is uniform. It is a large heap, shovelled over and over the 
night before it is used, until it is uniform. This question was 
raised in a discussion about a year ago, and a great deal of stress 
was laid upon it, and I published a large number of experiments, 
showing test-bars made in sand so wet that the water ran out of 
it. I made others in kiln-dried sand, and others in ordinary sand, 
and there was not enough difference in the test-records to lay any 
stress upon. Of course, there was a little difference, but not 
enough so that you would have to look for the slight difference in 
the mixing of one sand pile. 

Mr. D. L. Barnes.—I would like to ask Mr. Keep if we are to 
understand from these tests that the ordinary transverse tests in 
a foundry are unreliable? As I understand what he says, these 
wide variations are likely to occur, and we do not know why. 
Further, I would like to ask him if it is not a fact that he does 
not know how the moulds for.the test pieces were put up? The 
moulder may, as he often does, wet down the mould before pull- 
ing out the pattern, so as to keep the edges square; and that, as I 
understand it, from Mr. Keep’s explanation, would make the test 
bar a little stronger in one case than another. You will notice 
that the two bars in the same flask have very nearly the same 
strength. 

Mr. Keep.—The facts are these: I never know what test bars I 
shall want to use for some scientific purpose. Therefore everything 
is done uniformly, in the tests I make. None of the moulds are 
tampered with. There is no sponging of the edges. The bars 
are drawn out without rapping, and everything is uniform. The 
same moulder has made me these bars since 1885. There never 
has been any change in the man or in the method. We use the 
sand as dry as we can. These questions, in regard to the lack of 


; 
4 
ire 
/ 
a 
di 
=. 
j 
4 
4 
J 
j 
4 
4 


KEEPS COOLING CURVES. 


uniformity, are the matters which I want to have brought before a = . 
body of men like this, for this reason, that foundry business is not ae 
accurate, and you cannot make it so. A mechanical engineer in- — 
sists upon accuracy. They say that we must make our test bars — 
show uniform results or else our methods must be wrong. I tried 
in December, and I try every time that I have a chance to speak, to rs 
show that foundry conditions will vary ; and I brought this illus- eae i 
tration here just to show this thing—that here are test bars made © ea 5 
identically the same, so far as we “know, and yet there is a wide or. po 
variation in strength, and the tests of the committee will dim fhe 
much of the same ‘thing. All our bars have been tested either by _ : as 
Professor Carpenter or by Professor Benjamin. The reports | ‘Pgs 
come back that the fractures were perfect, without flaws. I know ; 
that they were moulded in similar moulds ; they were all tested 
exactly as they lay in the mould, and, so far as we know, we have © 
avoided every error that we could, and yet these variations come _ 
in ; and that is the very thing I want to impress on the minds of E 2 
all these men who work so accurately. A man said to me this _ 
morning, “ Won’t your coke vary?” Of course, it varies every os 
day ; the atmosphere varies every day ; our pig iron never comes _ Eee 
alike, and so all the way through. But we get our results very , 
nearly alike; we get them so nearly alike that a mixture will run 
regular for sometimes two months; and yet these variations may 
occur any day. 
Mr. W. S. Rogers.—I think, if Mr. Barnes had spent a few 
months in a foundry he would have discovered pretty closely the 
error of the statement just made. I do not think the sand or ae 
moulder has anything to do with casting these test bars. I think | 
that change came in “the metal before it went into the mould-it i a 
was in the ladle. I have cast similar test bars, and cast them on 
end. The moulder was very careful, very accurate, as much so as eo 
it was possible to be in foundry work, and I found that same dif- 
ference ; and I have found it not only in the test bars, but in oa 
castings —castings exactly alike, at same time out 
the same ladle. 


Mr. William Kent.—I have noticed in any of Mr. Keep’ 
papers any discussion of the question that was raised about oy 


eighteen years ago, about the third form of carbon in cast iron. Wie 
about that time some chemists, Mr. S. A. Ford of the o Eager 
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Thomson Steel — and Mr. De Brunner of Park Brothers & 
Co., and, I think, some others, discovered, or thought they had 
discovered, a third form of carbon in certain cast irons; that is, 
when they tested.cast irons for combined carbon and graphitic 
carbon they would get the usual results found by the ordinary 
chemist; but when they applied these tests to certain forms of 
charcoal cold-blast iron, these irons gave a different kind of pre- 
cipitate, containing carbon and iron, and the carbon was said to 
be neither combined nor graphitic, but what they called the third 
form of carbon. And it was found that all irons that gave this 
peculiar chemical result had peculiar mechanical properties—that 
is, they were car-wheel irons. Now, it has been known from time 
immemorial, almost, that certain irons in the Salisbury district in 
Connecticut and in the Hanging Rock district in Ohio have 
remarkable mechanical properties not explained by chemical 
analysis, and I regret that Mr. Keep has not got into his paper 
some discussion of this ancient work, showing the remarkable 
difference, both in chemistry and in physical and mechanical 
properties, of the charcoal cold-blast irons from these anthracite 
and coke irons. I also regret that the committee has not taken 
up the researches made early in cast irons, such as those made by 
Major Wade in 1856, and those by Fairbairn and Hodgins at an 
early date, in regard to itmprovement in cast iron by re-melting. I 
think that something could be learned by reference to those origi- 
nal researches. 

Professor Johnson.—I would like to speak to another part of 
this paper. First, in regard to these cooling curves, they prove, 
to my mind, better than anything I have ever seen yet, that all 
grades of steel are crystalline in structure, and all the talk about 
the cold crystallization of steel is, in my opinion, a misconception. 
I have other evidence of it, but this is very good evidence, and if 
Mr. Keep would take a mild steel as low down as one-tenth of one 
per cent. of carbon he would find the same characteristic curve. 

Mr. Keep.—There is one, marked mild steel, in the first chart, of 
two-tenths carbon ; that is pretty near it. 

Professor JSohnson.—Y ou still find a sudden increase or retarda- 
tion in the contraction 4 

Mr, Keep.—On the last chart, Fig. 311, there is a piece of pud- 
dled bar which shows a change. On Chart I. that which is 
marked mild steel was cast at the steel works in this city; that 
contained two-tenths carbon. That shows it. That shows a 
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retardation, you see, after about twelve minutes. Then the 
retardation continues for ten minutes. Each two of those large 
squares represents five minutes of time. 

Mr. Henning.—All of those wrought irons and cast irons show 
these peculiarities in the crystals ? 

Professor Johnson.—All steel shows it. Wrought iron does not 
show it. 

Mr. Henning.—You do not see it so well on the wrought-iron 
curve, because it was cooled in the air; but if you take a fore- __ 
shortened view of that curve you will see a sudden change in the 
character of the curve, and that is a plain indication that about 
that time a slight effect of that kindis made manifest. But these _ 
bars, having been cooled in air, cannot be compared with the other 
bars cooled in sand, because the process is so rapid that no diss 
tinct record was obtainable. But there is no question that with 
this sudden change and great change in the curve the same effect __ 
is indicated, only to a much lesser degree. met, 

Professor Johnson.—I would not understand that curve in that = 
way, because, when the curve is due to crystallization, that crys- 
tallization begins and ends. When the process of crystallization _ 
has been completed there must be a second change, which reduces 
the curve back to the temperature form. There must be two _ 
changes. We have a temperature form which is a smooth curve. _ 
Now, if we suddenly introduce into that curve another cause, — 
which begins suddenly and ends suddenly, then after that action 
has ceased we again return to the temperature curve which obtains re 
in all of the steel curves. But in the case of the wrought-iron 
curve we have but one change, which is simply a crook in the 
curve, and, therefore, I should say that might be a change in the 
rate of cooling, or something of that kind, but could not be due if 
to this process of crystallization. 

Mr. Henning.—I will explain. The cooling curve, due to © 
temperature alone, begins after the 3d Expansion, and is then a ee 
continued regular curve until the bar is cold. 

Professor “Johnson. —But we must have a cooling curve from — 
the start also. : 

Mr. Henning.—lIf this curve is drawn through the initial point — eo 
it would represent the true cooling curve, which is almost like the 
curve shown on Fig. 311, in which case the bar is cooled in es 
But the cooling process is incomplete, from two causes; one isthe __ 2s 
effect of the sand on the bar, and the other is the effects due we 
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the kind of material dealt with, which obliterate this cooling curve 
due to the temperature alone. Now, the bar produces a crook of 
its own, due to its composition, due.to the effect of the absorption 
of the heat by the sand, and the resultant effect also. This 
resultant line is shown by the autographic recorder. Now, what 
this crook is we cannot say exactly, but we know it is not the 
cooling curve due to temperature alone, which it would be if a 
perfectly homogeneous bar were tested and allowed to cool 
off, giving a true parabola. We do not know what all of these 
curves indicate, but we do know that this curve at 3d Expan- 
sion is produced by the total separation or change of carbon in 
the iron, because we see that after this point has been reached it 
has only 0.06 per cent. of carbon; while previously the combined 
carbon was 0.60. Evidently the combined carbon has been 
separated out and is in the shape of graphite; while beyond that 
point the bar undergoes no further change in chemical composi- 
tion, but always contains 0.06 combined carbon. The rest is 
graphitic carbon that lies between the crystals. The last part of 
the curve is the true cooling curve of the bar, regardless of chemi- 
cal composition, indicating a mechanical change due to radiation 
of heat; while the other grades of wrought iron here show us 
almost nothing but the effect of dissipation of heat; the changes 
take place so rapidly that by the time the bar was put on the 
machine probably the whole action, due to separation of carbon, 
occurred within a few seconds, and does not show on the diagram 
except in the crook, after which it changes into the uniform cool- 
ing curve. 

Professor Johnson.—The fact that the wrought iron cooled 
rapidly would not cause it to have a single crook instead of two 
crooks, would it ? 

Mr. Henning.—Yes, it might. This entire curve shows only 
the latter part of the curves obtained from cast bars, because very 
rapid cooling took place before it was possible to put it on the 
recorder. The tail end of it alone was caught, because the bar 
could not be got on the machine quick enough, and the whole effect, 
which is shown so nicely in the cast-steel bar on another diagram, 
could not be recorded. Looking at curve 31a (Fig. 312) a change 
will be seen there between 1} minutes and 6} minutes, marked h/. 
That is the same change shown on Fig. 307, near the 12-minute 
ordinate on the larger curve. While curves 31 and 31a, from the 
initial point down to the 1}-minute ordinate, and the change 
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beyond this point, show that there would have been a curve cor- 


_ in the recorder quickly and cooled slowly. But still a hump, A, 


responding to 3d Expansion if the bar could have been placed 


is clearly shown. If a molecular change had not taken place the 
dotted curve ¢ would have been recorded. As it is, a hump is 


1% 5 6% 10 3) 

= 
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clearly shown above that line. The angle with the horizontal of 
the line tangent to the curve, after 3d Expansion, depends entirely 
upon the rate of cooling. The quicker a bar cools the more the line 
will approach the vertical. This bar, 31, cooled in air very rapidly ; 
hence the angle gives us the rate of cooling. This angle indicates 
the rate of cooling of the wrought-iron bar, and is much greater 
than in the curve of cast iron cooled in air. Therefore I say that 
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_ the wrought-iron bar shows practically the same thing as the 
_ other bars. 

Professor Johnson.—It seems to me that the gentleman has 
proved my proposition ; 
and although it is not so 
very important, I do not 
want it to be understood 
that I admit at all the force 
of the argument, for the 
wrought-iron curve shows 
one crook only. Now, the 
other curves show the 
effect of the crystallization, 
or the change of carbon, or 
whatever it is, through a 
double curve. The 
gentleman claims that the 
first curve upward they 
lost, and, therefore, if they 
got any at all, they should 


3 89 EXPANSION 


S have obtained the curve 

downwards. The only 

ma = thing they did get on 
the wrought iron is the 
we 2! upward curve. There is 

no crook beyond that. 


ad) 


point; from there on it is 
a cooling curve. Beyond 


: this point there is no crook 
fait inany of thecurves. They 


are regular cooling curves 
from that point on. There- 
fore I claim that the curve 
upward which they caught 
can in nowise be confused 
with the second or down- 
ward curve on the steel 
diagrams. It is of alto- 
gether a different character. It may be confused with the first or 
upward curve of the steel, but if this action is due to size, or to 
chemical or crystallization change, then it begins and ends, and 
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when it has ended the contraction curve returns to the form due — ve 
to the change of temperature, and therefore I think this is anoma- e 
lous with reference to these steel curves, and cannot be explained __ 
in the same way. | tn 

Mr. Keep.—Fig. 318 is from a photograph of the fractures of _ 
the 1” bars, numbered 19 to 36, referred to on pages 1123 and ey 
1124. The central part of the fractare of bars 20, 21, and 25 © 
became blue soon after the fresh fracture was made, Which ac- = 
counts for the dark color. As described before, the fractures 
not vary as much as the iron must have varied at the instant a 
that each bar was thrown into the ice water. 

I regret that I have not been able to duplicate curve 31, on 
Chart VI., to determine the cause of the change in the direction 
of the curve, and whether this puddled iron was at all crystalline. _ 

I do not think that we should draw any conclusions from this — Pane 
isolated case. I introduced it to bring out strongly the influence __ Ao 


of carbon on the crystalline structure of steele 
ol? 
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TESTS OF COMBINED AND 


rs ELECTRIC RAILWAY CENTRAL STATION. : 


BY DUGALD C. JACKSON AND ARTHUR W. RICHTER. 


THE said station of the Four Lakes Light and Power Com- 
pany supplies the power for the electric lighting of Madison, 
Wis., and also supplies power for the Madison City Railway. 
The station is situated on the bank of Lake Monona, in a fairly 
central location (Fig. 314). 

The boiler-room contains two return tubular boilers, rated at 
110 horse-power each, and one Stirling boiler of 200 horse-power 
capacity. The engine-room is equipped with three Russell com- 
pound engines, two Davidson jet condensers, and two David- 
son feed-pumps. 

Engine No. 1, 380 horse-power capacity, is belted to the main 
shaft, from which are run four Thomson-Houston arc-light ma- 
chines, each of which has a capacity of fifty 1,200 candle-power 
lamps, and one Westinghouse alternator of 750 lights capacity. 
Two other alternators, a Slattery and a Thomson-Houston, are 
also installed but are to be removed. 

Engine No. 2, 190 horse-power capacity, is used for running 
the railway generators. These are two 90 K. W. General Electric 
machines of 500 volts, 180 amperes, speed 650, and are belted 
tandem fashion from the fly-wheel of the engine. A third tan- 
dem belt from the same fly-wheel runs over a clutch pulley on 
the main shaft, and the shaft can therefore be driven from this 
engine when desired. The two generators are connected to the 
same bus-bars, and supply power for the operation of the Madi- 
son Street Railway, and for a number of stationary motors which 
are connected to a special power circuit run out from the bus- 
bars. Both of the above engines are connected to one of the 
Davidson condensers. 

Engine No. 3, 400 horse- -power capacity, is directly connected 


* Presented at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the Transactions. 
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to a 300 K. W. “Monocylic” alternator, and condenses into Shot 
another Davidson condenser and air-pump. The alternating cur- 
rent output of the station is used exclusively for incand cent Be 
ENGINE DIMENSIONS. 

Nos, 1 and 8. 

Stroke, 24 inches. 

Diameter of high-pressure cylinder, 15 inches. 

Diameter of low-pressure cylinder, 24inches. 

Diameter of high-pressure piston-rod, crank end, 3 inches. 

Diameter of high-pressure piston-rod, head end, 2% inches, 

Speed, engine No. 1, 134 revolutions per minute. 


Speed, engine No. 8, 152 revolutions per minute, 
No. 2, railway engine. 
Stroke, 20 inches. { 
Diameter of high-pressure cylinder, 13 inches. J 
et Diameter of low-pressure cylinder, 20 inches. . 
& Diameter of high-pressure piston-rod, crank end, 2% inches. 
5 * Diameter of high-pressure piston-rod, head end, 2} inches. 


Speed, 133 revolutions per minute, 


midnight until noon, and by one fireman, one head engineer, and _ 


one assistant from noon until midnight, and one oiler from6P.M. 
until 12 p.m., making a total of six station.employees for the ei 
24 hours’ run. Each 24 hours during the week, current is fur- 
nished to the electric railway and power circuits for 17.5 hours, | 
‘and to the alternating current circuits for 23.5 hours, except © 
on Sunday, when the alternators are shut down for an additional — 
12 hours. Current for are lighting is supplied principally — 
between the hours of dusk and midnight, though certain arc-light _ 
circuits are operated all night. 
engineers, ith has grown to considerable proportions from i: ; 
small and poorly conceived beginning, and which therefore may _ 

be said to suffer through its own growth. During the past two | 
or three years it has been quite thoroughly overhauled, and its — 
physical condition has been greatly improved, but only at the — 
expense of a considerabie addition to the capital account. The ; 
results of the test which are given may be taken to represent — = 
results fully equal to those obtained by the average electric sta- _ 
tion in our cities of the smaller size. (Madison has 15,000inhabi- 
tants.) This statement will doubtless be viewed with surprise ag 
by the numerous peceme of this Society who are experts in hs ; 
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The station is operated by one engi oman from 
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A 
SBA 
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Coal Shed 


q 

a 
arc-light dynamos ; B, Westinghouse alternator ; C0, Monocyclic alterna- 
tor; D, railway generators; £, electric light switch-board; F, electric rail- 

way switch-board ; GG, condensers and pumps; H, feed pumps; J, oil room; © My 


K, return tubular boilers ;.Z, Stirling builer; M, hot wells; 1, 2,3, Russell _ 
engines, 
Fie. 314. 


steam engineering, and who carry continually before their eyes 
the remarkable economy obtained in pumping plants; but that — 
the statement is fully borne out by the facts will be affirmed by 
every electrical engineer of experience. van 
The object of the test recorded in this paper was to determine © 
the efficiencies of the boilers, engines, and generators under 
actual operating conditions, nothing having been done either © 
before or during the test to change the conditions from those _ 
occurring in the regular daily run. All the data required was 
obtained and recorded entirely independent of the regular 
employees, who were required to attend to the operation of the — 
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station, exactly as is done day after day and week after week. A 
trial test of four hours’ duration was made beforehand, in order Bi Ese 


whether all the arrangements were well conceived. All reason- 
able precautions were used to make the data obtained reliable, __ 
and all instruments were supplied from the laboratories of the per ee 4 
University of Wisconsin, and were compared with the laboratory - et 
standards. All electrical instruments used were calibrated by _ oa 
means of a Kelvin standard balance. The steam-pressure gauges ae ea 
and indicator springs were standardized by comparison, while - sent 
hot, with a mercury column. The scales, thermometers, etc., uae 
were tested for accuracy by comparison with proper standards. 

The test began at 6 a.m. Monday, when the engines started up 
for the day, lasting until 5.30 a.m. Tuesday, when the engines 
stopped for their half-hour breathing spell, and may be consid- — 
ered successful, as nothing more serious than the occasional 
breaking of an indicator cord occurred to interfere with the io iy. 
results. Four of the observers, one having general supervision of _ MAS 
the test, another overseeing the weighing of the coal, another the = 
weighing of the water, and a fourth having charge of the calo- 
rimeter tests, were on duty through the entire run. These four % 
men, Messrs. Burgess, Frankenfield, Mead, and Crane, were mem-_ Ss 
bers of the senior class in electrical engineering in the University — 
of Wisconsin, and handled their work excellently. They were fe Bish: 
assisted by a certain number of experienced student observers, — legs 
about twenty in all, who were required to read the various am- Ee 
pone meters and volt meters, take indicator cards, etc. The font 


the During the whole of the test the station pre-— 
sented no confusion, but was operated with the usual systematic 


The coal was weighed as it was brought into the boiler-room. © a 

The water-level and steam gauges were kept as nearly constant ane 


as practicable, and at the close of the test the water in the Stirling ae a 
boiler was at the original level, while in one of the return tubular 
boilers it was 1.5 inch above the string, and in the other a little - 3 as ie 
over an inch below it, so they were considered as practically at _ 


the same level. The Stirling boiler was in use during the entire © ae 
run, and at 4.45 P.M. ane at 5.45 p.m. the two tubular boilers — Eats 


AN 
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were successively cut in and were shut off again and the hiss 
banked at 12.35 a.m. The coal used in getting these boilers up 
to pressure (nearly 500 pounds) was not counted as part of the 
coal consumption in the computed results. 

Calorimeter tests of the steam were made every hour at the 
boilers, and as frequently as possible at the engines, while in ser- 
vice. Throttling calorimeters were used, except at the railway 
engine, during the day-time, where there was so much water 
present that the throttling calorimeter could not be used, and a 
separating calorimeter was resorted to. The poor quality of the 
steam at the engines was due to the arrangement and condition 
of the steam mains. Engine No. 2 received the drain of the 
greater portion of the system. The steam-pipe was connected 
to the under side of the main and was uncovered at the time of 
the test. The pipe leading to engine No. 3 was also uncovered, 
and as the pipe is of considerable length the condensation is 
considerable, while the valve provided to cut the steam from 
that pipe during the period when the engine is idle was not made 
use of. The pipe leading to engine No. 1 was covered, but no 
provision was made to cut the steam from that pipe when the 
engine was not running. 

The water was measured by means of two tanks placed on 
scales. Both feed-pumps were put into use, one as an auxiliary, 
to pump the water from the hot well into the tanks, and the 
other to feed the boilers. The latter pump communicated with 
the tanks by two branches of piping connected by a three-way 
cock, and a hose was attached to the other pump, so that one of 
the tanks was filled while the other was being emptied. The 
exhaust pipe of the regular feed-pump was connected to the 
vacuum of the condenser, and the steam consumption was 
figured from cards taken at frequent intervals, the number of 
strokes being recorded on a continuous recorder. The steam 
consumption of the auxiliary pump was ascertained by running 
the exhaust into a small surface condenser furnished from the 
university laboratory, by which means the condensed water was 
collected and allowance made therefor. 

The railway engine, No. 2, was started at 6 a.M. and continued 
running until 11.10 p.m. During the day, from 6 a.m. until 6.30 
P.M., this engine, besides driving the two railway generators, 
drove the main shaft, to'which a Westinghouse alternator was 
e incandescent 
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This engine was indicated every five minutes, indicators made by age 


Dreyer, Rosenkranz, and Droop, of Hanover, Germany, being used 


on the low-pressure cylinder, and Tabor indicators on the. high- — nom 


pressure cylinder. These indicators were supplied with electro- 


closing a switch, the current being supplied from storage cells. 
Friction cards were taken upon starting up with the generator 


magnetic devices for taking the four cards simultaneously on | 


fields excited and again with the field circuit broken. The speed “4 oe 


was obtained by means of a continuous revolution counter. Two 


ampere meters through which the current supplying the rail-— 


way feeders passed, one ampere meter on the power circuit, and — 
a volt meter giving the dynamo pressures, were read every half- _ 
minute. The condenser pumps were indicated at half-hour — 
intervals and the speeds were taken. 


At 6.10 p.m. the arc-light engine, No. 1, was started and con- 


tinued running until 5.30 a.m. At the same time the direct con-— 
nected engine, No. 3, was set running, and the supply for a. 


incandescent circuit was changed from the Westinghouse machine a. 
to the “ Monocylic” alternator. The railway engine, No. 2, now — = 


no longer drove the main shaft, but the belt ran over a loose | 
pulley on the shaft. The arc-light engine, No. 1, was indicated — 


Bis 


every fifteen minutes, and the direct-connected, No. 3, every ten - 
minutes, and the speed obtained from continuous revolution — . 


counters. Friction cards were taken both before and Mis a 


the run. The current of the are machines was measured by a | 


Weston ampere meter, and the voltage was obtained by a 
Weston volt meter in series with a high resistance, the appa- — 


ratus being placed as far from the machines as possible to avoid ae 


any disturbance which might be caused by stray magnetism. 
Ampere meter and volt meter readings for the Westinghouse 


alternator were taken every fifteen minutes, and the “ Monocyclic” ee 


output was taken by five-minute readings. The power factor of © 


the load on each of the machines was ascertained by means of a ne 
station watt meter, loaned by the General Electric Company. oe 


There can be no question in regard to the reliability of the 
results averaged from readings taken as often as was done in this 


test, except in the case of the railway machinery. It is still an 7 


open question as to the best method of determining the average — 


power developed by an electric railway engine ; but the results — 
of considerable experience with electric railways on the part of — 
one of the authors makes us feel certain that results are obtain- — 
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able by the arrangements which were used in this test, which 
are as accurate as those obtainable by any method yet set forth. 


A a. Stirling, 6 A.M. to 6 P.M., 99.2 per cent. 2 * 
6 P.M. to 5.30 a.M., 99.7 per cent. 
Return tubular boiler No. 1, 4.45 to 12.80 a.m., 97.8 percent. 
No. 2, 5.45 P.M. to 12.80 a.m., 98.5 per cent. 
a verage pressures : 


External air, 46.2 degrees Fahr. 
Escaping gases, 422 degrees Falir. 
‘emperature of hot well, 82.24 degrees Fahr, ‘git 
Temperature of feed-water, 123.5 degrees Fahr, 
_ Water pumped into boilers, 102,349 pounds. Stitt ci. 
Equivalent evaporation from and at 212 degrees, 114,508 pounds. maton 
Total amount of coal burned, 17,103 pounds, 


Total combustible, 15,232 d 
, 15,232 pounds. OF 
cent. ash, 10.9 per cent. Bie 


Ww ater evaporated per pound of coal, 5.98 
3 Water evaporated per pound of combustible, 6.72 pounds. ‘Ging. svt 
% Equivalent evaporation from and at 212 degrees, per iting of coal, 6.69 
pounds. 


Equivalent evaporation from and at 212 degrees, per pound of combustible, 
7.52 pounds. 

Steam used in throttling calorimeters, 385.7 pounds. 
Steam used in separating calorimeter, 35.07 pounds. 

ite Total, 420.8 pounds. 
_ §Steam used by feed-pumps, as figured from indicator cards, from 6.00 A.M. to 
6.00 p.m., 538.5 pounds. From 6.00 P.M. to 5.30 a.m., 472.3 pounds, 
Total, 1,010.8 pounds. 
Steam used by auxiliary pump, 449 pounds. 
Steam to be charged to engines, 100,469 pounds. 
efficiency.—No. 2, railway engine; 6.00 A.M. to 6.00 P.M 


Average I. H. P., 117.5. @ Btiotwss 
«BLP, hours, 1,410. 
ss Average watts output, 69,200, equals 92.8 E. H. P. aires pit 
a .t Average E. H. P. divided by average I. H. P. equals 78. 9 per cent. " 
Coal consumed in 12 hours, 7,550 pounds. 


Per cent. ash, 9.9 per cent., equals 750 pounds, = | 
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Combustible, 6,800 pounds. 
Water pumped into boilers, 43,172 pounds. 
Steam consumed by pumps and calorimeters, 891 pounds. 
Water charged to engine, 42,281 pounds. 
Water per I. H. P. per hour, 30.0 pounds. 
Coal per I. H. P. per hour, 5.35 pounds, 
Combustible per I. H. P. per hour, 4.82 pounds. 
Quality of steam, 95.7 per cent. : 
Moisture in steam, 4.3 per cent. 
Dry steam used by engine, 40,460 pounds. 
Dry steam per I. H. P. per hour, 28.7 pounds. 
Watt hours, per pound of coal, 109.9. 
Watt hours, per pound of combustible, 122.1. 
Station efficiency. ; 
6.00 a.m. to 5.80 a.m., 23.5 hours. 
Average I. H. P., for 23.5 hours, 160.5. 
Maximum E. H. P., 350.4. 
Average E. H. P., 117.9. 
Average watts for 23.5 hours, 87,946, which is 2,066,729 watt hours. 
Average E. H. P. divided by average I. H. P. ion 4 5 ach ant. 
Load factor for 24 hours, 32.4 per cent. ; : 
Coal consumed, 17,108 pounds. 
Water pumped into boilers and charged to plant after subtracting that used 
by calorimeters and auxiliary pump, 101,479 pounds. 
Steam evaporated and charged to engines after subtracting that used by 
calorimeters and feed-pumps, 100,470 pounds. 
Water pumped into boilers per engine I. H. P. hour, 27 pounds. 
Coal per engine I. H. P. hour, 4.5 pounds: 
Combustible per engine I. H. P. hour, 4.0 — 
Watt hours per pound of coal, 121. 
Watt hours per pound of water, 20.4. 
Average quality of steam, railway engine, 96.2 per ‘cent. 
Average quality of steam, arc-light engine, 97.1 per cent. 
Average quality of steam, Monocyclic engine, 97.8 per cent. 
Average, 96.8 per cent. 
Dry steam used by engines, 97,214 pounds. 
Dry steam per engine I. H. P. hour, 25.8 pounds. 
Average I. H. P. of condenser pump No. 1, 2.62. 
Average I. H. P. of condenser pump No. 2, 1.96. 
Horse-power hours of condenser pump No. 1, 61.6. 
Horse-power hours, pump No. 2, 9.8. 
Friction load of engine No. 1, 22.4 with shaft. 
Friction load of engine No. 2, 12.2 without shaft. 
Friction load of engine No, 3, 22.5. 
Total friction load, 57.11. H. P. = 
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CONCLUSIONS. 
a The principal results of the tests are shown graphically in the ~ oe 
3 accompanying figures. Fig.314 shows the general arrangement =~ 
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1:30 «135 
Time. 


Fie. 316. 


of the plant ; Fig. 315, the indicated horse-power of the railway __ 
engine during the day; Fig. 316, the indicated and electrical __ 
horse-powers of the railway plant during one hour; Fig. 317 | 
shows the indicated horse-power of the arc-light engine and the 

electrical output of the dynamos driven from it; Fig. 318 shows — 
the same thing for the direct-connected engine. In Fig. 319 the 
full line shows the total indicated horse-power developed in the 
station during the test, while the differently shaded areas show _ 
the part played by each of the three engines. Fig. 320 shows the 
variation of the steam-gauge reading during the test; the corre- 
sponding corrected pressures are seven pounds lower. During 
the period of lightest load the steam pressure is ordinarily car- 


at 
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ried about 45 pounds lower than the full load pressure, in order 
to keep the engines at a fairly economical cut-off. 

During the past three years several papers have been read 
before this Society dealing with the operation of electric railway 
stations, but no authoritative records appear which cover the 
operation of the average small station which combines in one 
the requisite plant for electric lighting and electric railway ser- 
vice. The individual action of engines, dynamos, and auxiliary 
apparatus, under the conditions here met with, is so well known 
that it is thought best by the authors not to burden this paper by 


ARC-LIGHTING ENGINE. 
Max. I.H-P, 155.88 Max. E. 
rage 86. 


vel 
\Average for 24 hrs.==,19.7 

Factor== 25.6 % Factor= 17.4, 
Av. Efticiency== 
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indicator cards of well-known forms, or by long tabular records. 
We wish, rather, to call attention to certain points which bear 
with somewhat startling force upon the expense of operating these 
combined stations. It has usually been considered that combi- 
nation stations may be operated at much less total expense than 
is required for the operation of two small stations when the 
lighting and railway plants are separate. This question may be 
considered under four heads. First, station labor ; second, fuel 
economy ; third, superintendence ; fourth, fixed charges. 

1. In regard to station labor, the plant under consideration 
(which we will call the Four Lakes Plant) probably could not be 
improved, and if the lighting and railway divisions were sepa- 
rated, not less than seven men would be required where five men 


BINED ELECTRIC LIGHT AND RAILWAY STATION, 
4 
a 
4 
a 
oth 


are now employed, and the labor account would be proportionally 
larger for two stations than for one. r 

2. The fuel economy of the Four Lakes Plant is fullyequalto 
that of the average medium-sized plant, but it is probably no bet- ao, 
ter than would be given by similar engines and other machinery | aS 
in separate plants. The coal used during the test wasa mixture 
of Indiana block, costing $3.35 per ton, and Illinois coal, costing — x ao 
$2.72 per ton. The evaporation shown by the boilers was, on ie rie 
the whole, excellent, considering the kind of coal used and the — oe 
fact that the boilers were in regular service condition. The 


EcT ¢ ECTED ENGI 
1.H.P. Load Factor 24 hrs.= 14. 56% E.H.P. Load Factor=15.17% 
Maximum I.H.P.= 267.86 Maximum E.H.P.= 198.5 
Average 1.H.P. = 186.26 Average E.H.P.= 140.4 


Average Efficiency= 
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minor changes ; this is especially true in regard to the arrange. - j 
ment of the dynamos, which now require the countershaft to be 
unnecessarily run all day, and in regard to the piping, which — 
might be readily changed to deliver better steam. (Some of 
these changes have already been made since the test.) But 
these changes would not give the combined plant any advan- — 
tage over the separate plants. Better fuel economy would also — 
be obtained by closer attention to the details of operation than 
is given in this plant, but the watt hours developed per pound © 
of coal and per pound of water compare favorably with io 
reports of the National Electric Light Association for similar 
stations. 

3. question of consideration 
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from two sides; first, where the railway and light companies 
_ are independent, and the latter sells power to the former ; and, 
_ second, where one company controls both industries. In the 

_ first case, no saving is made in office force or superintendence 
by combining the stations; but, in the second case, a saving is 
doubtless effected by the combined plant. 

_ 4 The preceding divisions give little clew to the best solution 
_ for the electric plants of the smaller cities, and we must find the 
a solution in this division. The fixed charges which may be 
_ rightfully considered as belonging to the station account depend 

upon the cost of real estate, buildings, and the machinery in 


TOTAL 1.H.P. CURVE 
Average I.H.P.= 160.5 
Maximum P.= 505 
Total Load Factor =:32.4 percent 
Average I.H.P. for 24 hours =157.1 


RAILWAY ENGINE 


aM. 


degree in the separate plants, but not so largely as might be 
imagined, since the running machinery for the two classes of 
service must be entirely independent. It is practically impossi- 
ble for any engine to drive the extremely variable load of an 
electric railway and regulate with sufficient accuracy to give 
satisfaction when driving dynamos for electric lighting; and, 
since the underwriters have taken the matter in their hands, it 
is not permissible in most places to operate stationary motors 
from railway circuits, on account of the fire risk involved in 
introducing grounded circuits into buildings. On account of 
this separation of the two classes of machinery the real estate 
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and buildings required for combined railway and lighting siecle 
must be larger than would be necessary for either a simple 
lighting plant or a simple railway plant of a capacity equal to 
the combined plant. 

The comparison of the load factors of separate and combined 
plants throws no particular light on this question. Thus, in the 
Four Lakes station, the 24 hours’ engine load factor for the 
railway machinery, plus the day alternator, is 38.2 per cent. For 
the arc-light machinery alone it is 25.6 per cent. ; for the direct- 
connected alternating machine it is 14.56 per cent. The total 
load factor of the station is 32.4 per cent. The term “engine 
load factor” is used here in its usual signification, of the ratio 
between the actual indicated horse-power hours’ output of the 
station and the output which would be produced were the 
station run continuously at its maximum indicated load. Now, 
upon separating the lighting and railway outputs, we still have 
the railway load factor about 38.2 per cent. and the lighting 
load factor becomes about 23 per cent. Practically the same 
amount of boiler power is required in the combined stations as 
in the separate stations, and exactly the same plant in engines 
and dynamos is required in the two cases. The boilers, en- 
gines, and dynamos are each run at about equal average loads 
in the two cases, and the efficiencies are not materially different. 

We therefore make the following gains by combining the 
electric lighting and railway plants of small cities into one 
station. First, a fair amount in the labor account; second, a 
small amount in the real estate and building account. The 
gains are not nearly so great as are sometimes asserted, nor are 
they comparable in magnitude to those which result from the 
combination of two small electric light stations in one, or two 
small electric railway stations in one, since, in the latter cases, 
one economical plant of machinery may be used to do the work 
of two smaller and less economical plants. When a railway and 
a lighting station are combined, we are forced by the conditions 


to use separate (excepting for the two 


of service. 


egal Wm. Kent.—I wish to take exception to the statement in 
the last three lines of the paper: “ When a railway and a lighting 
station are combined, we are forced by the conditions to use sepa- 
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rate machinery (excepting boilers) for the two classes of ser- 
vice.” That may be so to-day, but I think it is not likely to be ie 
so in the future. One engine can drive an electric generator,and 
after you have got your electric current you can do ware 
you please with it by transforming it up or down, and use it either 
for lighting or railway service. 

Mr. Jesse M. Smith —That is possibly true just now in some 
places, or it may be generally true in the future, as Mr. Kent has 


said. But at the present time I do not know of any electric 


railway generator or any engine which can govern close enough =” 


to produce satisfactory are lights or incandescent lights and cur- ‘i mi es 
rent for electric railways at the same time, with the same engines 


and with the same generators, particularly when the current is = ee 


distributed by the same mains. 

Mr. Albert Stearns.—I desire to say that there is a line of rail- 
way where they are doing that. They are getting the current 
right here near Detroit, between the River Rouge and Trenton. 


At Trenton they are taking off incandescent lights from the wire | es Ss 


on which the trolley runs. ; 
Mr. Jesse M. Smith.—I would like to say to the gentleman that ne e 

that is the plant which I tested and that is reported in my paper _ 

read at the Montreal meeting. Tn this plant, although the _— "a 


be considered commercially satiafactory. 
Mr. George R. Stetson—I would say that I have had a little 
experience of that kind, driving a line of six cars, and we did ar 


most of the work with one engine, and carried our day lighting ae : 


load and the cars with economy and fair satisfaction. The day = aay 
lighting is not as critically considered as the evening lighting, _ ae 
being more generally in places where the requirements are not ne 
so exacting; but we did get along fairly for a couple of years wo 
with an Ide engine of 150 horse-power connected with an 80 — Re 
kilowatt generator, running our belts double and running the tae Te 
Edison system on the same engine, and we made money by it, and oe ¥: 
did not receive from the public an undue amount of criticism. I~ tet 
think, as Mr. Kent says, that in a small installation of this kind a 
one engine should be required to do both the power and lighting 7 
in order to make a paying investment of such enterprises. fe 
Mr. C. B. Rearick.—In reply to Mr. Kent’s remarks I wish to — 
say that the Brooks Locomotive Works recently installed a wos 
— of two — and two engines, each direct con- — 
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nected, one of approximately 200 horse-power and the other 100. 
Both generators operate at 220 volts pressure, the larger furnishing 
570 amperes, and the smaller 310 amperes. We run are and in- 
candescent lights and power from either generator. The load on 
the generator usually consists of arc and incandescent lamps and 
necessary power for three large travelling cranes, one large trans- 
fer table, several motors applied separately to machine tools, etc., 
and motors on lines of shafting. 

This system decreases the cost of a plant and the floor space 
required. The two engines and generators and switchboard cover 
a space 20 by 50 feet. 

Prof. W. F. M. Goss.—A question of considerable interest is 
that of the cost of electric traction, as compared with the cost of 
ordinary locomotive traction. In this test, reported by Professor 
Jackson, I notice that the coal consumption is 5.35 pounds per 
indicated horse-power per hour, which must be considered high 
for a locomotive under favorable conditions. The minimum con- 
sumption for a simple locomotive may be taken as but a trifle 
over 4 pounds. 

Mr. George I. Rockwood.—In a recent issue of a technical 
journal it was suggested by a correspondent that usually, in elec- 
tric stations of small size, the boilers show as good an economy 
as could be expected, but that the losses come principally from 
transformations which take place after the steam has left the 
boiler. A test was cited, in which an evaporation of 11.8 pounds 
of water per pound of combustible from and at 212 degrees was 
obtained, and a steam consumption of 22.8 pounds per indicated 
horse-power per hour, while the efficiency of the electrical appa- 
ratus was but 44 percent. This test was stated to be representa- 
tive of the general practice throughout the country. The test 
found here, however, seems to show a contrary state of efficiencies. 
The electrical horse-power divided by the indicated horse-power 
is 78.9, while the steam consumption is 30 pounds, and the com- 
bustible is 4.82 pounds per indicated horse-power per hour. The 
combustible consumed seems to me to be a large quantity for the 
evaporation—in fact, it is one-third larger than it need be, even 
under service conditions. 

Mr. Kent.—I do not think Mr. Rockwood quite understands 
that third line from the bottom on page 1148. It says, electric 


at horse-power divided by indicated horse-power—nothing to do with 

an the boilers whatever. It is only from the engine to the dynamo. 
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ae Mr. Rockwood.—I would not imply that the item in the line 
mentioned does have anything to do with the boilers; my atten- ee : 
tion was drawn to the comparatively very high efficiency of the __ 
transformation of indicated horse-power to electrical horse-power, _ 
and as the coal consumption is nevertheless very large, I looked — 
further for the figure giving the evaporation in the boilers and | sf 
that for the steam consumption in the engines, and I see that both = 
figures show extravagance, but more particularly the boilers, as a 
careful firing will give high boiler efficiency, even with a very 

demand for steam. 


in the statement “that the efficiency of 7 8.9 per cent. is low. I a4 | 
have made a number of similar tests, and I found that the average # 
efficiency of the engine and of the generator each about 90 per. 
cent., making practically 81 for the two, or slightly less. I take _ 
it that means indicated horse-power compared with the horse- 
power at the switchboard, which includes the mechanical efficien-— 
cies of both the engine and the dynamo. a 
Prof. R. C. Carpenter —I think it is a notorious fact that the 
amount of steam used by the different electric plants generally is ase 
very large. I think we have tested, in connection with work ab 
Cornell University, something like forty or fifty plants, and we have | a ae 
never found one which was from any standpoint economical, and 
some have been fearfully uneconomical. We have measured the 
water of engines which used as high as 100 pounds of steam per 
indicated horse-power per hour, running, however, in districts be 
where coal cost them nothing except the. labor of getting it into eh Mow 
the furnace. I think we never yet have tested a plant in which = 
the consumption fell below 20 pounds of water per indicated _ 
horse-power per hour, even using the best machinery and the best 
style of engines. I think what Professor Jackson shows in his 
test represents fairly the average results from engines installed in — 
this kind of work, and those engines are using from 6 to 8 pounds = 
of coal per indicated horse-power per hour, according to our tests, — oe 
in only one or two cases falling below 4, and, I think, in only two 
cases falling as low as 3. 
Mr. Keep.—I would like to ask Professor Carpenter what was 
the lowest water consumption he found. ite 
Professor Carpenter.—I think we never found a result below 
22 in electric railroads and 16 in electric lighting stations. 
Mr. Storm Bull.—I,am quite familiar with the station which zs 
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Professors Jackson and Richter have tested, and I know that it is 
not very well run. I believe, as stated in the paper, that nothing 
was done to improve things from what they were beforehand. 
As an indication of how this plant was run I might mention the 
fact that the pet-cocks on the cylinders were left open all the 
time, the steam blowing right through them continuously. 

Prof. A. W. Richter.*—I wish to make a few remarks in 
answer to Mr. Rockwood’s discussion. As regards the boiler 
efficiency, better results certainly ought to be obtained with 
careful firing and good conditions. I again wish to call attention 
to the statement made in the paper, namely, that the plant was 
tested under service conditions. No pains were taken to secure a 
high boiler efficiency. The fireman attended to his duties as 
though no test were taking place, no effort was made to choose 
the better coal from the pile, and the persons conducting the test 
paid no attention to the condition of the boilers. An evaporation 
of 11 pounds and above calls for a very clean boiler, careful 
firing, and a good quality of coal. Mr. Rockwood also calls 
attention to what he considers a high efficiency of the transfor- 
mation of indicated horse-power to electric horse-power. Com- 
paring the same with results obtained from tests of similar plants, 
it will be found that, although higher than some, it compares 
favorably with a number of other tests made. 

Following are some “a the results obtained, other than those 
mentioned by Mr. 


University of Wisconsin test, made in 1893 : : Per cent. 
Cornel] tests : me 
Test made by Mr. J. M. Smith: SAG: 4 
Wyandotte and Detroit River 64.1 
* Author’s closure, under the Rules. 
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A HORSE-POWER PLANIMETER. 


DCLVIIL.* 

A HORSE-POWER 


Ne BY EDWARD J. WILLIS, RICHMOND, VA. a 
(Member of the Society.) : 


~ is not the object of this paper either to go intoa mathe- 
matical discussion or to praise an instrument, but rather to 
show the conditions that exist in a special form of the polar 
planimeter, 


: 
= 


ment x length of AB (Fig. 321). That is, after the tracer point 
has passed over a figure whose area is a, the wheel movement — 


a 
equals AB (equation 1). 


This equation is independent of AC, and its only requirement 
is that the axis of the wheel W shall be parallel to AB. It 


“o Beeseniel at the Detroit meeting (June, 1895) of the American Society of 
Mechanical Engineers, and forming part of Volume XVI. of the 7ranaactione. 

+ Stevens Indicator, April, 1890, and le 1895, p. 28; also Annals wT 
Mathematics, vol. v., p. 10, — 1889. 
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makes no difference where the wheel W be placed so long as its 
axis is parallel to AB. It may be at either A or B, or off to 
either side of AB, or, as is more frequent, on AP extended, as 
shown in Fig. 321. Wherever placed, its duty is to record move- 


7 


ments perpendicular to 42. Movements parallel to AB are, 
by construction, ignored by the wheel. The recorded move- 
ment in a planimeter with circumferential ren is less 


than its peripheral movement in the ratio — Rp (Fig. 322), and is 
generally about .85 of the movement called nf by the equation 


al Burg, ata and 


(1). It is usual, in order to facilitate decimal reading, to have 
one complete revolution of wheel correspond to 10 square 
inches, and the tracer arm is usually from 5 to 7 inches long. 
Assuming the arm to be 6 inches long, we have, for equation 
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A HORSE-POWER PLANIMETER. 


1, the recorded movement for one snmeleie revolution (which 


corresponds to 10 square inches), x .85 x 7 1.4133 


R* AB 
inches. 

The recorded movement for 1 square inch would therefore be 
io Of this, or .14133 inches. Since these instruments usually 
claim to read to ;}, of a square inch, we note that the recorded 
movement for tho of a square inch would be .0014133, or about 


N 
1’ 


aby part of an inch. When we consider that this instrument 
scrapes along the paper, and has various joints and parts where 
lost motion may occur, it is easy to see that only by extremely 
accurate construction and delicate handling can it be made 
reliable to ;45 of a square inch. 

The record of movement perpendicular to AP can be better 
obtained by construction shown in Fig. 323. In this case all 
scraping of wheel on paper is avoided ; the measured movement 


is linear and not circumferential; and the factor = is done 


R 


away with. Assuming a 6-inch arm, the measured movement for 
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square inch becomes (by equation 1) = B76} a 

In short, a 60 scale with a 6-inch arm reads square inches, 

or an 100 scale and a 10-inch arm, etc. By having an adjustable 

_ tracer arm and exchangeable scales, as in Fig. 324, or, what is 

simpler, a rotating triangular scale, any of whose six graduated 
edges can be brought next wheel, we can, by proper selection of 

_ geale and arm length, read direct to any unit. 

following are a few applications : 


To READ SQUARE Teowne. 


On full-size drawing, use scale 80, and A and B 8 inches apart. sa eee ay 
On drawing 6 inches to the foot, use scale 30, and A and B 74 inches apart. 


Reap SquaRE Feet. 
On drawing 3 inches to the oe use scale 80, and A and B 7,%5 inches apart. 


wing 1 inch to the foot, use scale 80, and A and B 7,3, inches apart. a. ‘ea 


10 feet tothe inch, 80 ry 


The mean effective pressure of an indicator card equals 
ecard area 

card length 

responds to spring with which indicator card is taken, and set 


x spring. If we turn scale next wheel which cor- 


points 4 and B to card length, the reading = scale x TR = 
card length lo yo 


The horse-power of an indicator card is mean effective pressure 
ye piston area x stroke x revolutions per minute 


33,000 
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The writer has published a table giving the value of 
33,000 
piston area x stroke ee 
inches x 72 inches. 
The instrument shown in Fig. 325 has sliding pointers which — Bae 
can be clamped to any reading on each arm of hinged scale. “Ke ee 
Suppose lines p and q each to be clamped to reading corre- _ ae 
sponding to revolutions per minute. Suppose points G and H Soa 


for engines from 8 inches x 8 inches to 110 | 


th Ae 


wound L 
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dew 


fits 
G 
Fig. 32¢ 


A HORSE- PLANIMETER, 


“A 


33,000 


value piston area x stroke 


, as given in table: 


_ then, if scale be next wheel which corresponds to spring with 
_ which indicator card is taken, the reading, on going over card, 


equals spring x ™. By similar triangles (Fig. 326), ; 


piston card length : revolutions per minute, 


33,000 x card length 
piston area x stroke x revolutions per minute’ 

Substituting, we have 


area x piston area xstroke x rev. permin. 


_ Reading = spring x 33,000 x card length 


- gpring x area iston area x stroke x revolutions per minute 
p 


card length 83,000 
= M. E. P. x constant'= ox 


By starting the tenons point at the intersection of the expan- 
- gion curves, and going first over one card and then over the 
_ other without removing tracer point from paper, the final read- 
ing will be the total horse-power of the engine. 


‘ DISCUSSION. 


Prof. D.&. Jacobus.—Mr. Willis presented one of his planimeters 
to me a short time ago, and I tested it in various ways, and find 
that it does all that he claims for it. I think the special field 
for his planimeter, as well as for any similar averaging instrument, 
is in working out results quickly where there is no necessity for 
great refinement. In running a test of an engine we ordinarily 
calculate the horse-power, together with the water-rate, and see 
where we stand hour after hour. For this class of work I know 
of no instrument superior to the one which Mr. Willis has devised. 
It is an instrument which is easy to read, as the record is made 
by the movement of the wheel directly along the edge of a white 


scale with black 
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_engine-driver, who could be taught to set the instrument to obtain — 


the horse-power directly from the scale, and, if desired, he could ie 


preserve a record of horse-power from day to day: ; 
There is an error in this instrument, due to friction, which is _ 

greater than in a nicely adjusted. Amsler instrument, but for such © 

work as is described above it is negiig! — 
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TOPICAL DISCUSSIONS AND INTERCHANGE OF 


XXXIst MEETING. __ 
No. 659—124. 


124. Can it be made practicable to design a machine which shall unite the 
merits of both the milling machine and the planer? Is not this problem a para- 
dox in machine construction ? 


Mr. Henry Binsse-—At times milling-machine literature has 
_ been marked by extravagant claims which have tended to hinder 
~ rather than to aid the growth of this most useful machine, because 
_ people have been led by them to look for economical returns from 
it under conditions for which the tool was not suited. For ex- 
ample, I remember a very fine slabbing machine which had been 
bought by a large engine company under the impression that it 
would replace their planer; but, as their engines were very care- 
fully built, in small quantities, they soon discovered that their 
purchase was a mistake. 

As an instance of these misleading statements, there was a 
paper read some years ago on the milling machine, which passed 
without criticism and had a wide circulation, and which recom- 
mended the milling machine for jobbing-shop use, where there is 
a great variety of work with little duplication, for shops like the 
engine works just mentioned. I have been unable to find an in- 
stance of the economical use of the milling machine under these 
circumstances ; in fact, the experience is universal that the cost of 
the cutters, arbors, bushes, devices for holding the work, in addition 
to the extra time needed for setting the work (for it generally 
takes longer to set a single piece on the miller than it does on the. 
planer), all these items make the milling machine a very expen- 
sive tool for general work—far more so, indeed, than the shaper 
or planer. 

Defining, in general, the respective fields of usefulness of the 
two machines, the planer may be said to be a tool for facing plane 
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surfaces of all kinds, while the milling machine may be called a nd a 
tool for rapid and accurate duplication, using a revolving cutter, = == 
The two types do not compete; they work side by side. Where 
ever there is work enough of one kind to keep a planer busy, __ 
then is the time to consider giving that work to a milling machine. __ 

A year or so ago a comparison was made, in a paper read be- __ 
fore the Society, between the working times of a slabbing milling 
machine and a planer, greatly to the latter’s disadvantage. The 
figures given were very remarkable, suggesting the well-known © are 
measured mile records of our cruisers. Accepting the correctness _ 
of the observed times, the comparison itself was unfair, because __ 
the milling machine in question was a tool especially adapted for 
cheap duplication of exactly that class ofrough work. Wemightas 
well compare the time of cutting screws in a turret screw machine FS 
with the time for similar work in the lathe. There isno mystery _ 
about the output of special tools. Designed for certain kinds of _ 
work only, they excel in that line and are fit for nothing else. It 
is to be regretted that in that paper no figures were given of the __ 
cost of getting ready to do the work. This is a most important | 
item, usually. Last winter, having some large face cams to cut,I 
had an excellent opportunity to observe the cost of new milling 
operations. I kept a very accurate cost record, and, while the 
actual time of cam cutting was 114 hours only, 80 hours were _ 
spent in making the cutters, arbors, bushes, collets, straps, and so 
‘on, for the job. Although the cost of milling cutters has been — 
much reduced of late-years, they are still expensive, the large ones _ 
especially so. Mr. H. L. Arnold says, in one of his recent excel. __ 
lent papers on milling practice, “that the use of large cutters, 
although suggested by theory, is practically prohibited by their ae 
great cost.” 

The record of the incidental work is as much a part of the cost 
of milling as the actual milling time. It is also characteristic of i 
all work done by the milling cutter that the cost increases very 
rapidly with the size of the piece to be operated upon, so that it ee: oe 
is out of all proportion more expensive to mill large than small oe 
work. In fact, at the present time, it seldom pays to mill large _ s 
pieces. In addition to the greater cost of large milling, there 
comes decreased accuracy, for accuracy of milling operations be- — 
comes more difficult to attain as the size of the piece increases. 
It is very costly to mill large work, and more expensive still i 


d 


a 
= 


1170 TOPICAL DISCUSSIONS AND INTERCHANGE ‘OF DATA. 

Milling demands greater care in regard to the uslity of ao 
metal than planing. The piece of work must be soft, and, if pos- 
sible, free from scale. We all know that we cannot avoid occa- 
sional hard castings, hard spots in castings, castings with the sand 
burnt into the skin, or castings with chilled faces. While acci- 
dents like these may ruffle the planer-man’s calm of mind, the 
milling boss is knocked down by them, for they may ruin a costly 
mill gang in a few minutes. Where much milling is done it is 
usual to anneal and pickle all the castings and forgings; and I 
have known even the fine sand of excellent malleable iron castings 
to dull rapidly a set of milling cutters. A hard, bad casting may 
be planed at the cost of a little time and patience ; but it is gen- 
erally impracticable to mill hard iron. This isa trifling drawback 
for small work; but it would be of importance should we wish to 
use the milling machine for the same variety of work as the 
planer. 

At present there is no reason to look for any gain from the use 
of the milling machine, where there is little duplication, or for 
medium and large work, on account of conditions entirely inde- 
pendent of the design of the machine. Moreover, there is little 
to encourage the inventor who may wish to design a machine 
which will cover as great a range of different forms of work as the 
planer. The revolving cutter demands an amount of rigidity in 
the arbor and in the machine which, in the planer, is not at all 
essential. All of us have seen very accurate work by a skilful 
planer-hand, when the tool deflection was visible to the naked 
eye at a distance. This is impossible in milling practice. It is on 
this account that while the ordinary commercial planer need not 
be, and indeed is not, a nicely fitted tool, the fitting of the milling 
machine cannot be too perfect. ‘To the same cause, moreover, must 
we ascribe the simple forms of all existing successful types of milling 
machines. They are direct in design, not from a lack of inventive 
capacity, but because simplicity is a condition precedent to suc- 

cess. It must be apparent, then, that it is most difficult, perhaps 
impossible, to construct a practical milling machine which shall 
have the compound and swivel tool movements of a planer cross- 
head. 

Are these views supported by the past growth of the sinshine? ? 
After half a century of development we find an endless variety of 
milling machines which have been designed especially for certain 
jobs. There are gear cutters, slabbing machines, plain uni- 
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versal machines, duplex, triplex, and quadruplex machines, key- = 
seaters, vertical spindle machines, vertical face machines, column = 
millers, circular machines, profiling machines, and so on, through 
an endless list; each year brings forth new designs. ee 
There are many styles, each one excellent for its special pur- 
pose. The output of these tools.is almost beyond belief,inmany 
instances ; and, without doubt, this is the promising field for the _ 
milling-machine designer. 
In conclusion, I would call attention to what is,to my mind,a sods 
serious misstatement, and it is one heard very frequently: that = = — 
the merits of the milling machine are not well understood. On _ 
the contrary, it seems to me that the milling machine is the most eh * 
distinctly American of all the machine tools. Fifty years agowe 
were the first to recognize the paramount importance of this tool 
for interchangeable duplication, and to-day we find that every 
existing successful type of milling machine has been invented and = 
developed in the United States. If we do not understand how 
and when to use the milling machine, where is this machine _ 
better understood? It has been my experience that the machine ~ 
is bought just about as soon as there is any use for it, and some-— a ea 
times sooner than is strictly economical. ae 
There was a humorous case of this which comes up before me. __ 
I was visiting the perfectly equipped workshop of one of the best 


its ~ 


mechanics in the country, and I was very much impressed by a ae 
line of beautiful but expensive milling machines, but it was not oa a 
clear to me that he could have much use for them, so I asked — pe pt a 


what work did he do with them. In reply he said: ‘‘The planer | 
is not in it with these machines.” As this was no answer to my ae 
question, I looked around, and I saw that at each planer there | a ? 
was a heap of castings waiting to be finished, while the floor was" me ie o> he 
perfectly clean around the millers, and a thin layer of dustshowed 
how seldom they were used. The operation of milling is so * 


pleasing to the eye that it sometimes misleads our judgment. ne > 
It is rare that there is any economy in milling in the first stages Be es 
of the manufacture of a new machine. Milling-machine economy 


is a function of the duplication and the product. ce 
Mr. William Kent.—I hope before that paper of Mr. Binsse’s is * a 
permitted to pass we may hear from some of the attorneys on the | ae 
other side of the question, such as Mr. Grant, who has written a 
great deal ox milling machines, and Mr. Arnold. I am much sur--— 
prised to hear the ba cps of Mr. Binsse that a milling machine . pe 
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is not a good machine in a jobbing shop. I know of cases where 
the milling machine is gone to constantly for little jobs. If you 
have a good holding vise on the milling machine, you can some- 
times do small jobs on it with more facility than ona planer. I 
think the milling machine a machine which has a cutter which 
goes around, and a planer has a-tool which goes straight ahead. I 
believe that the Daniels planer for planing wood is a kind of a 
milling machine, and it has been in use a great many years, and it 
is not a paradox at all. 

The President.—The Daniels planer might easily and properly 
claim to have been the origin of the milling machine. 

Mr. W.S. Rogers.*—The opening discussion is a surprise to me, 
coming, as it does, from Newark, N. J. In the first place, I want to 
dispute the statement that cutters are expensive. My experience is 
that they are not, considering the amount of work which they do and 


jobbing shop to-day one of the first things I would want would be 
a milling machine. But I would not go out and buy the first — 
milling machine I saw and put it in the shop. I would have a 
milling machine built to do job-work. There is not such a ma- 
chine on the market. What is wanted in our shops is a milling 
machine built on a heavy planer pattern, so that we can go all 
around different shapes. But there is one rock right square in 
the path of having that done—there is no manufacturer who 
wants to put the money in for a machine, and the inventor is 
afraid to guarantee it. But it can be done. We have heard to- 
night Mr. Allison and Mr. Holloway tell us how they worked fifty 
or sixty years ago—what was done without tools. Fifty or sixty 
years from now we will have young men sitting here and smiling 
at our telling about the planer and the old engine lathe, for they 
will have milling machines everywhere, and they will turn out ten 
times as much work as we do now, and ten times better. That is 
what they can do with milling machines. If I had my way to-day 
I would scrap every engine lathe with its old foot-stock and back- 
gear. They are a nuisance. Nothing would excel a shop full of 
turret lathes and milling machines. I know there is no limit to 
the speed of the cutters. I have run up to eighteen inches per 
minute table travel, and the work was accurate enough, while the 


a ; the length of time they last. The speaker says the milling machine 
eae is not a machine for a jobbing shop. IfI was going to start a = 


* See also discussion on topic No. 98: ‘‘ To what extent can the milling machine 
be used to replace the planer in daily operation?” Vol. XIV., p. 589. 
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cutters stood up under it easily. I did not pickle all the castings, a * 


either. When the casting came in hard from the foundry I sent — 


it back where it belonged and charged them for it. The planer will — * 


always be with us, just the same as the old shaper is. It is good 
in an emergency, although you don’t want a shop full of planers. 


What we want is a good strong milling machine built to do all J 
the things which a planer can do now, and that machine is pos- _ 
sible. One of the things, as I said before, which keeps us back © 
from doing it, is that so many engineers accept the statement that _ 
“it is impossible,” and let it go at that. There is nothing impos- _ 


sible in designing machines to do the kind of work we want to do. 


Ur. Chas. K. Norton.—I think the speaker is right about the © 
milling machine. The designer who would have the hardihood _ 


to design such a machine to-day would lose his position, and 


the manufacturer who would dare to build it, and put it on the 


market, could not sell it, for the people who buy such machines 
would not be willing to pay for the iron the designer had put into 


it. Our milling machines of to-day are a good deal farther ahead He 
than our ability to use them. The reason why we do not suc- __ 
ceed better with the milling machine is simply because we do not | 
understand it. Iam surprised every day to see the new things seis 
which some young man, who has not had half the experience _ 
which a good many of the rest of us have had, will do with a 
milling machine, without any expense whatever, and a great deal __ 
quicker than you could go to the planer and place the tool init. 
I saw a job the other day where, if the young man had gone to ‘ by 


the shaper to do it, it would have taken at least an hour’s time ; 


and I will venture to say the cutter did not cost over fifty — 
cents, and he slipped it into the vise, and it was out of it in 


ten minutes. 


Mr. Fred. J. Miller. —I shall not attempt to answer the question 
categorically, but some points brought up by Mr. Binsse should 


ane 
P 


perhaps receive further attention before being passed over. The * ee 


developments of the past few years have, I think, shown that we 


do not very clearly or very certainly perceive the exact limita- 


tions or the possible maximum production of either the planer or Re e 
the milling machine. Much more good work is expected and _ 
actually obtained by experts from both of them than was the case 


a few years ago, and progress has been so rapid that in many =| 


cases experts, devoting their time to but one classofthese ma- = 
chines, have innocently been making comparison with machines = 
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of the other class which are by no means fairly representative of 
the present practice. It is, I think, much more difficult to make 
a fair comparison between the two classes of machine tools than 
would at first appear to be the case. 

Men tend toward partisanship somewhat in these matters, as 
well as in political affairs, and unless we watch ourselves closely, 
we are liable to become thereby somewhat blinded. Extravagant 
claims have, no doubt, been made for the milling machine, but 
still it is a fact that many of the claims made for it, which a few 
years ago seemed very extravagant, are to-day being realized, and 
I think history will repeat itself along this line. 

The purchase of a slabbing machine, to do milling work upon 
steam engines, carefully built, in small numbers, has been re- 
ferred to. In this case I think the mistake was in the choice of 
a machine, and that the milling machine to use in such work is 
one which uses end or face mills, instead of slabbing cutters, 
Such machines, in the present state of the art, are far more efficient 
for producing plane surfaces upon cast iron worked under the con- 
ditions named, and do not require to be very much, if at all, 
more rigid than a planer should be for the same work. Face or 
end mills cut much more easily than wide slabbing cutters, and 
are generally much less expensive to maintain. 

As to the cost of cutter arbors, fixtures, etc., used with milling 
machines, it should be considered that, when once a tolerably 
complete outfit of these has been provided, it requires thereafter 
little expense for additions to them, or to maintain them. We 
might imagine, as an extreme case, a man having fifty different 
jobs to do on a new milling machine during the first month of its 
service, and that no single cutter would answer for more than 
one of them. He might easily conclude that milling machines 
are expensive luxuries, on account of the cost of cutters. But, as 
a matter of fact, he would find that in a short time his stock of 
cutters on hand would fit almost any case, few new ones would 
be required, and the cost of cutters would thenceforth be very 
small in proportion to the work done by them. 

In too many cases those who essay to use milling machines are 
too easily discouraged by the outlay necessary to provide a fairly 
complete assortment of good milling cutters, and on that account 
fail to get the returns which milling machines are capable of giv- 
ing in the way of real economy. 

_ As to the increased cost of milling large work, I can only say 
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that this applies also to planing, usually. If we have acasting _ 

weighing 5 tons, with a spot upon it 12 inches wide and 4 

feet long, to surface by planing, it will cost very much more 

to plane it than it would if the casting weighed only 200 pounds. 

It takes much longer to place the larger casting upon the planer 

platen ; the planer needs to be much larger, and the powerrequired 

to move the work back and forth while being planed will be con- 

siderable. A type of milling machine is now coming intocommon =—- 

use in which such a casting is merely placed upon a stationary, _ ne 

or, perhaps, a rotating, platen, near the floor level, and remains __ 

still while a face mill operates upon it; the face mill being usually __ 

made up of a disk holding inserted teeth, and driven bya spindle 

supported in a saddle having a vertical feed motion and traverse 

upon an upright, which, in turn, has a horizontal feed motion and 

traverse upon the bed of the machine. Such machines also bore __ 

and drill when required, but, considered simply as milling ma- —__ 

chines, and comparing them with planers, are more economical __ 

the larger and heavier the work they are called upon todo. _ 

Using any type of milling machine employing end or face mills,I 

do not think it is the usual experience to find the cost of large => 

work disproportionately heavy as compared with smaller work =| 

milled, or with similar large work planed. In fact, a favorite form C a 

of milling machine for such work is almost precisely like the 

planer, the only essential difference being in placing a vertical 

spindle upon the saddle in place of the usual clapper-box and tool — 

holder. I cannot see that such a machine is essentially different 

from the planer in respect to its adaptability for doing large work, _ 

and it certainly offers exactly the same facilities for fastening 

work to its platen. 
While it is perhaps true that the milling machine is better 

understood here than in other countries, it is still the fact, I think, ; 

that it is not generally and thoroughly understood here. It is” 

quite a common thing for an expert to double and, in some cases, tg 

quadruple the rate ‘of feed previously used in cast iron, and — a 


thought to be all which the cutters or the machine would stand ;_ pee ah 
and it is too little understood that, where jobs are constantly * 
changing on a milling machine, it is not a boy’s job to run one, ig 
but a job on which a skilled mechanic will prove most economical. | 

And when the work is of such a nature as to make it a series of 
repetitions of the same operations, there must still be skilled su- Rs 


pervision, and good workmanship in cutters and fixtures. 
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_ Teonsider the question of the relative merits of the planer and — 
4 a the milling machine to be an indeterminate one. Whether a 


x eee or a milling machine should be put in for a given line of work 
will sometimes be a question not easily solved, and its solution — es 
- should not be attempted in any but the ‘denen cases, except by 
an expert in such matters. In a well-known shop, where they 

~ build very many milling machines, and thoroughly believe in them, ea 
i - they nevertheless use many planers on their own work, and — 

_ recently put in a number of them. 

_ While it is true that duplication of pieces or operations has an 

- import tant bearing on the question, yet the extended use of mill- 

ing machines in tool rooms, where the work is constantly changing, 


- ia and there is relatively little duplication, seems to indicate that its 


economy is not strictly “a function of the duplication of the prod- 
uct,” but that the character of the work to be done has an 
important bearing on the matter also, independent of the number 
of duplications of any piece or operation. 


on 


No. 659—125. 


For filtering oil having very finely divided metallic particles in suspension, _ ‘> 


what have you found to be the best filtering material, either for one operation 


or in a series? 


Mr. G. W. Bissell_—The writer uses an oil filter consisting of 

_ two shallow rectangular tin trays and some wide lamp-wicks. One 

a of the trays, slightly smaller than the other, is supported within 

it on two blocks, which raise it an inch or so from the bottom of 

the larger pan. The wicks are laid in the upper pan so as to hang 

over its edges into the lower pan. 

The oil to be filtered is poured into the upper pan. A drip 

_ cock in the lower pan, and a cover for the whole, complete the 

apparatus. No quantitative tests have been made, but the 

results, as far as the eye can judge, are good. 
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EDWARD F. C. DAVIS. 


IN MEMORIAM. 


For the first time in the fifteen years of the existence of the | 
American Society of Mechanical Engineers that body has been | are: Ey . 
called to deplore the loss of its presiding officer while in active _ “ 
fulfilment of his duties. Mr. E. F. C. Davis, elected president at 
the annual meeting in December, 1894, was killed suddenly by an 
accident while riding his horse in the Central Park of New York = 
City on the evening of Tuesday, August 6,195. The exact = =— 
nature of the disaster i is not known, as he was riding alone; but — ; Sa 
the supposition advanced is that the horse became unmanageable _ 
from some reason and fell upon his rider. Mr. Davis had long | 
been an expert in all out-door sports, and particularly in horse- ae i 
manship, which has made his untimely death from this cause so — 
much the more a shock because a surprise and unexplainable. | 
He was found by guardians of the park still living, but passed _ 
away without regaining consciousness. 
Mr, Davis was born August 13, 1847, at Chestertown, Md., so 

that he was nearly forty-eight years old. He received his oluee- , Se 
tion and graduated in 1866 at Washington College in his native — 
State. His family connection had been mainly practitioners of — 
law, and he had been expected to follow theirexample; butade- 
cided mechanical instinct, evinced in the construction, while a ner 
schoolboy, of a small working engine and other appliances, induced es et 
a reluctance to the law, and a strong desire to try his fortunes 
in the shop. Without much encouragement from his family, a 
he applied to several establishments, and finally was taken as ap- 
prentice in the shops and drawing-room of the Philadelphia Hy- 
draulic Works of Brinton & Henderson. His later service, during © 
the twelve years before he entered upon the work which wasto 
tell most strongly upon his development, and to give him his re 
repute and standing, was successively with the New Castle Machine © —_ 
Works, New Del.; Atlantic Dock Tron 


Iron Works of the same place, 


iy 


— 


It was from the last engagement that he was summoned, in 
March, 1878, to become a principal draughtsman for the Philadel- 
phia and Reading Coal and Iron Company ; and a year later, when 
but thirty-two years of age, he was made superintendent of their 
Pottsville shops. It will be recalled that these years from 1880 
to 1890 were a decade of special difficulty in Pennsylvania and 
everywhere for the controllers and organizers of shop systems, 
and Mr. Davis’ success in meeting and adjusting strikes of great 
magnitude, and in securing an accepted and popular transfer 
from a wasteful day-rate method to a successful and permanent 
piece-rate plan, gave him a standing and experience in this class 
of ‘professional work which was one of his great claims for the 
consideration and esteem of his colleagues. He had, furthermore, 
the task of putting the shops themselves into condition for 
building ‘and repairing mining and other machinery for an 
extensive colliery system, and his contributions to the Transac- 
tions of the Society cover both of these divisions of practice.* 

A friend has said of him: “ To him fell the task of organizing 
the shops, to put them in a condition for building and repairing 
mining machinery, and the work was carried out in a fashion 
which indicated that, as a designer of machinery and as an organ- 
izer of working operations, he had few equals.” 

In 1890 Mr. Davis was earnestly solicited by the management 
of the Richmond Locomotive and Machine Works to leave Potts- 
ville and come to Virginia, in order to become their general 
manager, so as to bring into that enterprise the proven skill 
which he had shown in the handling of large establishments 
employing numbers of men on varied classes of work. The 
competition in this field of manufacture made it difficult for the less | 
thoroughly organized to meet the better organized in the field of 


Photographs of Mine Interiors, ”’ vi., 26; ‘‘Steam-pipes for Collieries,” xi., 
215; disc.: bits of engine-room experience, x., 706 ; corrosion ina boiler drum, xii., 
525; corrosion of steam drums, xv., 1101; divergencies in flange diameters, _ 
ix., 182; gain-sharing, x., 622; gauge for sheets and plates, xiv., 34; heat 
transmission through, etc., xii., 1043; lubrication, x., 814; novel hammer- — 
head, vi., 80; oxidation of metals, vi., 633; performance of Worthington 


pumping engine, xii., 1013 ; rapid melting in cupola, xii., 1046; shaft govern- te 


ors, ix., 318; soft castings, ix., 838 ; speed of gears, vi., 863 ; steel. castings, © 
xii., 717; stocking and reloading coal, ix., 273; systems of catalogues and 
indexes, vi., 864 ; temperature effect on the strength of iron and steel, x., 718; 


the. premium plan of paying for labor, xii., 767, 771, 773; tractive forces of _ 


leather belts, x., 773; tubular boilers, vi., 118; two rope haulage systems, 
xii., 640 ; wrought-iron scrap in castings, ix., 341. da (SE Bie 
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railroad development in the growing South, which, with such 
organization, the Southern management might have a right to claim 
ss for itself. Mr. Alfred H. Raynal, member of the Society, was 
Step “eS invited at the same time to bring to the assistance of the works 
re his knowledge and experience of marine engine requirements 
and general shop practice for the contract awarded them for 
the building of the United States battle ship Zewas. It will be 
recalled that at the time of the Richmond conveution, in Decem- 
ber, 1891, these two gentlemen were very active in their ser- 
vice of the Society’s interests. Mr. Raynal returned to the 
North soon after, but Mr. Davis remained, under a most favorable 
contract, for a long term, and was most helpful in the reorganizing 
of the labor system, in cheapening the cost of product while 
raising the earnings of the men, and particularly in the develop- 
ment, in the later years, of the compound locomotive. The 
Richmond compound locomotive, which has been making such a 
fine record on various Western railroads at this writing, was 
designed by him, and was built under his supervision. He was 
an enthusiastic worker in this field, and was ambitious to secure 
a position where his labors to improve railroad motive power 
could be continued. 

Personal reasons, however, induced him to give favorable con- 
sideration to a most tempting opportunity to connect himself 
with the C. W. Hunt Company of New York City, and he took up 
his residence, in the spring of 1895, on Staten Island, where the 
works of this company are located. His duties brought him into 
closest relation with the president of that company, and this 
gentleman, writing at the time of the shock of his death, speaks 
in the warmest terms of the pleasure and helpfulness of the 
arrangement ; and in the neighborhood of New York City a career 
of further usefulness and reputation seemed to be just opening 
when death cut the promise short. 

The choice of the American Society of Mechanical Engineers - 
fell upon Mr. Davis for its president in 1894, while still general 
manager of the locomotive works; and the selection seemed 
specially fitting, because the interest which he felt in the develop- 
ment of the locomotive engine, his success in the management of 
men on the piece-work system, and his wide acquaintance among 
the Southern representatives of the profession, would strengthen 
the Society, broaden its reputation, and enrich its Transactions. 
The choice, also, was rightly deemed a most fitting one e by reason 


4 
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of his personal character and worth. He had become a member © 
of the Society in 1881; served as vice-president in 1891-93; and 
as presiding officer at meetings of the Council of the Society and _ 
at its Detroit convention, in June, 1895, he evinced great dignity,  _ 
and attracted to himself the members by the charm of his manner | 

and the clear comprehension of all matters brought to his atten- 

tion. Ie was very quick of apprehension, and prompt in deciding 

matters upon which he was called to act. Of the charm of his 

genial and affectionate nature as a man it is difficult tospeak with 
a measured reserve. He was a man of warm social tendencies, ek 
and with an equal capacity for making warm personal friends. # 

Ile has left a wife and a family of four children. - His funeral, ae phy 
at Pottsville, Pa., was attended by many of his old friends, asso- oe : 
ciates, and ctaglenienn; and by a number of members of the 
Society. 
The Council of the Society has placed upon its records the Se 


following minute: 


“The American Society of Mechanical Engineers desires, 


through its Council, to spread upon the records of the So- ne 2 
ciety and of its Council, a minute expressive of the respect and = 
regard which its members feel and seek to make public upon the = =—— 
sudden and untimely death, from an accident, of their colleague, aes pes 
Mr. E. F. C. Davis, President of the Society. 

“The formal mould of memoria] resolutions, in which a corpor-— 
ate body ordinarily records its action, seems inadequate for a— 
proper voicing of the spirit which peevuiles the Council in the 
presence of the death of one whom its members had known so 
well, and whom they had learned to admire and love. His wise 
and mature judgment, his business and professional knowledge, 
his conservative yet energetic counsel, and his courteous ee “tty 
sideration for others, had made him one from whose — 
tration of the Society’s affairs the highest hopes had been enter-— 
tained. 

“ Although with such grief the stranger intermeddleth not, yt 3 
the Council would presume to express their heartfelt sympathy 
with those nearest and dearest to Mr. Davis, upon whom cin 43 ; 
blow has so crushingly fallen” = 
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ECKLEY B. COXE, 


IN MEMORIAM. 


For the second time in the history of our Society death has in- 
vaded the ranks of our past presidents, and taken from us our 
genial, warm-hearted friend and counsellor, Eckley B. Coxe, of 
Drifton, Pa. 

To the members of the Society who had the pleasure to know 
Mr. Coxe personally, the news of his somewhat sudden death 
came with a peculiar sadness ; and even now it seems hard to be- 
lieve that we shall meet him no more, shall never again be wel- 
comed by his charming manner, encouraged by his never-failing 
hopefulness, made wiser by his counsel, nor buoyed up by his 
words of cheerfulness and courage. 

Eckley Brinton Coxe was born in Philadelphia, June 4, 1839 ; 
died at Drifton, Pa., May 13, 1895. On June 27, 1868, he mar- 
ried Sophia G. Fisher, daughter of Joshua Francis Fisher, Esq., 
of Philadelphia. He was the son of Judge Charles Sidney Coxe, 
and the grandson of Tench Coxe, who was prominent in the early 
history of this country, and at one time Assistant Secretary of the 
Treasury under Alexander Hamilton. The immense tracts of coal 
lands purchased by Tench Coxe, and held intact during the life- 
time of Judge Coxe, while at the time of their purchase not 
esteemed of much value, were, by the skill, engineering knowl 
edge, and industry of our past president, developed to such an 
extent as to make the estate one of enormous value, mining in 
one year a million and a half tons of coal. 

The surroundings of Mr. Coxe in early life were such that he 
might, had he so chosen, have led a life of inglorious ease, free 
from business cares and responsibilities; but he early chose rather 
to take his place among the workers, and to assume those obliga- 
tions to himself and his fellow-men which in after life so endeared 
him to all with whom he came in contact. After graduating from 
the University of and a course 
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in that institution in the Department of Mining, he entered as an 
assistant in the laboratory of John F. Fraser, Professor of Chemis- 
try and Physics. In 1860 he went to Paris, and spent two years 
at the School of Mines, and then went to the Mining School at 
Freiberg, Saxony, as a pupil of Professor Weisbach, whose book 
on mechanics he afterwards translated, and whose library he pur- 
chased after the professor's death. On leaving Freiberg his 
studies were finished, so far as university and student life were 
concerned, but not otherwise ; for all his subsequent life was spent 
in studying out better methods of mining coal, especially as they 
pertained to the anthracite regions, and better methods of hand- 
ling and transporting it; and, better still, he devoted himself to 
finding improved methods of using it for the production of steam 
power. His ideas were often new, and not in accordance with es- 
tablished usages ; they were discussed, criticised often, and con- 
demned ; but oftener they were copied by his neighbors, until 
“Drifton practice ’’ was accorded a high place in coal-mining 
circles. 

While the enormous waste which for years had been going on 
in the anthracite regions had been the occasion of much comment 
by others, it was left to our ex-president to give to the subject that 
careful, thoughtful consideration which it so well deserved. The 
State of Pennsylvania, mindful of the loss which was daily occur- 
ring in the immense and ever-increasing culm banks which for 
years had been accumulating about the shafts of the anthracite 
mines, several years ago sought the advice and aid of Mr. Coxe, 
either to reduce the quantity of small coal mined, a large part of 
which found its way into the waste of the culm piles, or else to plan 
methods by which it might be made useful as a means of making 
steam, or otherwise. How well Mr. Coxe succeeded in bringing 
this about by his writings, his works, and his practice is well 
known, not only to the members of this Society, but to nearly 
every consumer of steam along the Atlantic coast ; indeed, to-day, 
not only does no fine coal go to the culm pile, as of yore, but the 
culm banks of many years’ accumulation are now being worked 
over, to reclaim and save what had previously been considered a 
worthless product. 

While Eckley B. Coxe did much for his State, and for the indus- 
try in which he spent the best years of his life, he will be remem- 
bered longest for what he did for his associates and employees. 
The limits of this monograph forbid a lengthy or further descrip- 
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tion of this charming feature of his life and character. Suffice it 
_ to say that he was a man of the people ; he lived among his work- 


tion, but in those higher branches pertaining to the art and to the 
% science of coal mining ; he built churches wherein all were taught 
: their duties to each other and their obligations to their God. 
Together with his noble but invalid wife, he looked after their 
physical wants as well, caring for their necessities when in sick- 
ness and trouble; and when his great heart ceased to beat, and 
ae _ his remains, at his request, were laid to rest in Drifton’s burying- 
tient there were no tears shed above his new-made grave more 
sincerely sorrowful than were those that fell from the eyes and 
over the furrowed cheeks of his old-time miners and workmen. 
As an illustration of the esteem in which he was held by his 


became whem I first came into the Lehigh Valley, 
over thirty years ago, and our acquaintance soon ripened into 
friendship, and the ties have all this time been constantly grow- 
ing closer. After the death of his most trusted friend and confi- 
dential partner, Mr. Brock Ely, who was also my intimate friend, 
__ Mr. Coxe, in speaking of him, and lamenting his death, said that, 
after Mr. Ely, Thad his to a extent than any 


: - occasion since that time given me evidence of the truth of what 
he said. 
. “To know Mr. Coxe intimately was to love him. He was rich 
in this world’s goods, but did not seem to know it, except to do 
pre He had the means to live a life of leisure had he been so 
disposed, but he chose instead a career which imposed upon bim 
the severest kind of labor. He was born a mechanical engineer 
& of the highest order, which, with the means under his control and 
his indomitable energy, enabled him to accomplish great results 


the line of his profession. He was intellectually a great man; 
iP 


men, caring for their interests and comfor nner far toc 
infrequent among those in his position. He built schoolhouses 3 
_ for their children, and employed earnest and competent teachers cee 
neighbors, the 1ollowing extract irom @ private letter en D 
an old friend,* is made by permission : sites 
“Your letter of the 23d is at hand, and it finds me sick at heart ee 
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of deceit he knew nothing, and as he was puiicaiod of a sweet 
and noble disposition, backed by a strong will power, he despised 
anything which was not clean and honest, with an intensity 
which only such natures are capable of doing. His name was a 
guarantee of good faith, energy, integrity, and stood for all that 
was fair between man and man. 

“You can better imagine than I can describe my feelings over 
the loss of such a friend as Mr. Coxe. Taken, as it were, in the 
prime of life, our consolation is that the world was better for his 
having lived, and my earnest hope is that, when our time comes, 
we may feel that we have done some good in our lives and have 
not lived in vain.” 

No words seem more fitting in which to close this brief account 
of the life of our lamented friend and associate than those 
culled from a wreath of loving thoughts and deepest feelings, 
woven in most fitting words, by his warm personal friend, R. W. 
Raymond, and which on last Decoration Day were read to the 


assembled workmen beside his grave. 

35 dake, rue knight of love, in stainless armor bright, 

And wearing ever, in the front of fight, 

The crested helm of Hope. 


bs ** True steward of the trust of earthly power, ane 
Bitar wiaetec Nor weak to waste, nor miserly to save ; 
if has But wisely using all until the hour 
When He should ask Who gave. 


be geld, big: “ Strong to pursue the path by Science trod ; 
as. apt Strong to achieve what lies in human ken ; 


And in thy fellow-men.” 


Full clad, and ardent with all wrong to cope, 2 ek . 
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MEMORIAL NOTICES OF MEMBERS DECEASED 
DURING THE YEAR. 


_ [Nore.—Memorial monographs, with portraits of Messrs. Eckley B. Coxe and 
E. F. C. Davis, who have held the office of President in the Society, will be found 
as Articles No. 660 and 661, at pages 1177 to 1186 of this volume. ] 


Mr. Hetlenea, was born February 6, 1866, at Muncy Station, 
Lycoming County, Pa. At an early period in his life his parents 
moved to Williamsport, Pa.,in which place Mr. Heilman prepared 
for college. 

He entered Cornell University in 1888 in the course of Me- 
chanical Engineering, and graduated in 1891. The following year 
he was appointed to an instructorship in the Department of Ex- 
perimental Engineering, Sibley College, which position he held 
until the time of his death. Mr. Heilman was admitted to junior 
membership in the American Society of Mechanical Engineers at 
the San Francisco meeting in the spring of 1892. His death was 
caused, on July 4, 1894, by the premature discharge of a small — 
cannon, which he had built himself. The wound caused by the 
accident was not at the time considered severe, but in a few 
days lockjaw set in, after which the most skilful medical treat- 
ment was of no avail. His death occurred July 17, 1894. 


Mr. Heilman was considered, by all who knew him, a most a 


talented and promising young man. His work in the university 
was uniformly of an excellent character, and his graduating thesis, 
which was the description of a test made by himself and col- 
leagues of the Utica Electric Railroad, was of such merit as to 
attract at the time favorable notice from those who knew of the — 
character of the work. ; 

In Sibley College, as an instructor, he had especial charge of — 


the tests made on the large experimental engine, and he was en- He an 
trusted with the general management of the engine at the time of 


the tests. The reducing motions of the experimental engines | 


were designed principally by Mr. Heilman, and are of a specially 3 ar : : 
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neat form, and are accurate and positive under every condition, 
indicating excellent mechanical ability on the part of the designer. 
He had responsible charge of some important constructions in 
Sibley College, and always performed his work in an excellent 
manner. 

CHARLES ROBERTS JOHNSON. 

Mr. Johnson was born in Northamptonshire, England, January 
17, 1851. After leaving school in 1867, he served two years in 
the office of William Haywood, civil engineer to the Corporation 
of the City of London, as junior clerk. He was then articled to 
Mr. W. C. Johnson, who was city architect, where he remained 
two years, and left to enter the employ of Mr. Richard Head. 
Before leaving this position he was estimate clerk, and in charge 
of the erection and repairs of buildings. At twenty-three years 
of age he joined the firm of Stevens & Sons, of London and 
Glasgow, remaining with them about eighteen months as foreman 
in charge of the erection of railway-signal interlocking apparatus ; 
and in 1875 he entered the employ of the firm of Saxby & Farmer, 
the well-known English firm of signalling engineers, with whom his 
uncle had been connected as superintendent. In this relation, Mr. 
Johnson was sent not only to different parts of the United King- 
dom, but also to France and toIndia. In 1881 Mr. Johnson came 
to the United States upon the invitation of the Pennsylvania 
Railroad Company, at the recommendation of Messrs. Saxby & 
Farmer, with a special view to arranging a practical system of 
signals for the grade crossing of their line and that of the Central 
Railroad of New Jersey at Elizabeth. 

It is interesting to note that from 1873, when Messrs. Toucey 
and Buchanan erected a system of switches and signals at the 
grade cross-over which was then used above Fifty-third Street, in 
New York City, and when, about the same time, the Pennsylvania 
Railroad introduced block signals controlled by telegraph, the 
success of the English builders and managers had not been more 
generally availed of. The Saxby & Farmer exhibit at the Cen- 
tennial Exposition of 1876 was really the first opportunity that 
was given for a study of the device which they had so’ carefully 
thought out. The semaphore signal, now so wide-spread, was then 
almost unused in this country, and the arrangements of switch 
targets and so-called safety devices were innumerable and various. 
Mr. Johnson bringing to this country his experience with the 
then more exacting conditions of European traffic, was engaged 


1188 
3 
| 
4 
4 
5 
ds 
= 
4 
jt q 
rae 


by the Union Switch and Signal Company, of Pittsburg, as con- 
tracting agent, and later general manager. He remained in this 
relation until 1888, when he separated from the parent company, 
and organized the Johnson Railroad Signal Company, of which 
he was president and general manager, with works located at 
Rahway, N. J. Failing health in 1892 compelled him to relin- 
quish active business and withdraw to the Adirondack forest and 
lake region in pursuit of rest and out-door life, to overcome a 
consumptive tendency, but a long and sometimes painful illness 
ended in death, December 11, 1894, in his camp on Saranac Lake. 
He was buried in Rochester, N. Y. He connected himself -with 
the Society at the Pittsburg meeting in 1884. 


GEORGE FREDERICK SIMONDS. ” 


Mr. Simonds was born in Fitchburg, Mass., January 12, 1843, 
receiving his education in the public schools. He entered his 
father’s shops and office in West Fitchburg in 1859, doing all kinds 
of mechanical and clerical work during four years, except during 
the first year of the war, when he served in the army. The busi- 
ness of his father, Mr. Abel Simonds, was started in 1832, and was 
the making of scythes, knives, and reaping-machine steel. In 1864 
Mr. Simonds organized the firm of Simonds Brothers and Com- 
pany, operating in a keased shop, and in 1868 the Simonds Man- 
ufacturing Company was organized with a much larger capital. 
In 1878 the manufacture of saws replaced the agricultural knives 
on which Mr. Simonds’ patents on the manipulation of steel had 
had great influence. In 1886 the Simonds Rolling Machine Com- 
pany of Massachusetts and the Simonds Steel and Iron Forging 
Company of England were organized‘ to avail of his patents for 
moulding articles of circular cross-section by rolling, and he was 
one of the early experimenters and successful manufacturers in 
the line of roller and ball bearings. He became a member of the © 
Society at the Philadelphia meeting in 1887, and his death was 
due to an accident by falling from a transcontinental train 
while on his way to Alaska, November 3, 1894, in pursuit of 
health. 
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Mr. Radford was born at Portland, Me. OM. > ae 
He served his apprenticeship with the Amol ines 
pany, of Manchester, N. H.,; and also practised in NewJerseyand = 
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Boston, the of the American Tool asia Machine 
SS The latter was organized in 1864, and Mr. Radford _ . 


ce was chosen superintendent and general manager, and he was ate 


_ president at the time of his retirement. Under his management — 


the company prospered, and were able to build shops which have ied 
formed important industries of the town of Hyde Mr. 


a! 


Brews taken out many patents for sugar machinery, conveyors, 
leather machinery, etc. He became a member of the Society in 


_ Mr. Shaw was born in Buckfield, Oxford Co., Maine, ne 
13,1858. His father was a successful shoe eieanien and manu- 
_ facturer, and gave his son the benefit of education at Bates Col- 
oe lege at Lewiston, and at the Maine State College, from which he — 
; ee graduated in the mechanical engineering course in 1879. He — 
had shown a mechanic’s instincts while a boy and at school, 
A “A and brought out several minor inventions previous to gradua- 
tion. 

His first opportunity after graduation was with the Chandler 
_ Water Meter Company, of Lewiston, where he remained until 
1882, having married meanwhile. In 1882 he went into business 
- for himself, but later accepted the tender to become superintend- 
ent with the firm of R. Gardner & Son, in Montreal. From 1883 
_ to 1886 he served as draughtsman with the Yale & Towne Manu- 

facturing Company and the Brown & Sharpe Manufacturing 
Company. From 1886 to 1889 he was in the service of the Ed- 
_ ward P. Allis Company, of Milwaukee, and while engaged with 
_ them the necessity to redesign a foundry travelling crane was the 
occasion of the first of the Shaw electric cranes. From 1889 to 
1891 he was manager of his company in Milwaukee, and later he 
_ became president and engineer of the transferred company at 
- Muskegon, which was his home at the time of his death. Mr. 
; oe Shaw became a member of the Society at the Chicago meeting 


in 1893, and passed away June 22, 1895, as the result of peri- 


| 
ae. pany, and was connected with a number of its institutions. Mr. 
ee , at the Washington meeting, and passed away November 
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CARROLL LIVINGSTON HOYT, 
Mr. Hoyt was born January 22, 1866, at Wellsville, N. Y., from 
the Academy of which town he graduated to enter Cornell Uni- 
versity. He received the degree of M. E. from Sibley College in 
1892. Upon graduation he became assistant professor of me- 
chanical engineering and director of the machine shops in the 
Michigan School of Mines, at Houghton. He afterwards was 
connected with the Dickson Manufacturing Company, at Scran- 
ton, and at the time of his death was draughtsman with the Edison 
General Electric Company, at Schenectady. His death, January 
29, 1895, was due to typhoid fever. He had been connected as 
junior member with the Society since 1893. aa st age 
Mr. Copeland, a life member of this Society, died at his home ra feed 
in Brooklyn, N. Y., on the 5th of February, 1895. He wasa 
charter member of the Society ; its treasurer from December, 1881, _ < 
to November, 1884 ; vice-president from November, 1884,to De- 
cember, 1886. 
He was born in 1815 in Coventry, Conn., where his father was 
the proprietor of a large engine and boat building establishment. 
Here he got the first lessons of his professional life, which were 
subsequently supplemented by a course at Columbia College. Ss, 
At the early age of twenty-one he was appointed superintend- — 
ent of the West Point Foundry Association, and immediately _ 8 
thereafter began the design of the machinery of the Fulton,the _ ee” 
first steam vessel of war constructed under the direct supervision  __ 
of the United States Navy Department. After this design the | 2 be 
machinery was built by the West Point Foundry. 3 
In 1839 Mr. Copeland received an appointment from the United 
States Navy Commissioners, under which he signed himself Naval 
Engineer, and was entrusted with the designing of the machinery 
of the Mississippi and Missouri, that were, when built, fine exam- 
ples of war steamers of their day. He subsequently drew the = 
machinery of the Susquehanna and Saranac, and the engines of = 
the Michigan, all very successful and efficient ships. 
‘Mr. Copeland completed his permanent connection with the — 
navy in the year 1850, about which time he was appointed superin- | 
tendent of the Allaire Works in New York City, where he designed _ 
and superintended the construction of the machinery of many 
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vessels for the merchant marine, notably that of two of the Collins 
cs line of transatlantic steamers, whose ships broke the record of 
their day. 

He was the first supervising inspector of steam vessels for the 
_ district of New York, and for many years a director and the con- 
sulting engineer of the Norwich and New York Transportation 

_ Oompany, designing several of the finest steamers of that line. 

During the civil war his long experience in and knowledge of 
- marine affairs were availed of by the United States Government in 
_ the adaptation of merchant vessels to service in the blockade of 
_ the Southern coast. He subsequently became the constructing 
engineer of the Lighthouse Board, holding this position nearly to 
the time of his death. 

He commenced his life’s work when there was much more of art 
_ than science in marine engineering. All knowledge therein had 
been gained step by step, in actual experience, and very little of 
it had been formulated and promulgated. Every designer was a 
unto himself. 

We, his successors, are living on the inheritance he and his 
- contemporaries gained for us, and that perhaps without due 
recognition and acknowledgment. 

_ He was a self-contained, undemonstrative man, but always 
genial in his manner. 

He was simple and unaffected, frugal in his personal economy, 
_ temperate in his habits—almost to abstemiousness—a lover of 
books for what they contained, and a persistent collector of them. 

He was indefatigably industrious, and his inclination for work 
continued to the end of his days. 

He had deep interest in this Society, with which he had been 
so long connected, as certain provisions of his will display. 

The world is better that he has lived, and our profession has a 
higher status because of his integrity, his fidelity, his perinee 
and his manhood. 

Mr. Packard was born at Northumberland, N. H., receiving his 
early education in the schools of Waterford and St. Johnsbury. 
While attending school the civil war broke out, and he was one 
of the first to defend the Union. He enlisted in the 1st Ver- 
mont Cavalry, serving four years. He was in the battle of 
Gettysburg, and was an eyewitness of the assassination of Presi- 
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dent Abraham Lincoln - John Wilkes Booth, in Ford’s Theatre, 
Washington, on the night of April 14, 1865. 

At the close of the war Mr. Packard went to Springfield, 
Mass., where he entered the Wason car factory, learning the 
car-building trade. He soon became foreman of the plant (1869), 
but resigned to accept the position of master car-builder of the — 
shops of the N. Y., N. H. & H. R.R. Co., remaining at this place 
five years (1876-81). He was next offered the position of master __ 
car-builder of the shops of the Baltimore and Ohio road, at Balti; = 
more. He accepted the offer, and remained with that company = 
about three years (1884), when he secured the responsible posi- = 
tion of master car-builder for the N. Y. 0. & H. R. at 
West Albany, to succeed Mr. Hoyt, deceased. : _ 

Mr. Packard was an expert mechanic. During his eleven years 
of active service at West Albany he made many improvements 
on the cars of the road, and to him is largely due the credit for 
the high standard of excellence to which the cars of the New 
York Central road have attained. Be 

Mr. Packard was always active in church affairs, and forfour —_ a 
years acted as Superintendent of the First Presbyterian Sunday- 
school, at Albany, and at the time of his death was President of _ 
the West Albany Y. M. C. A. BPN ng 

Mr. Packard joined the Society in 1886, and died on February — 

15, 1895, in the forty-sixth year of his age, after an illness of seven _ 
weeks, of} 
PHOMAS RICHARD PICKERING. 


Mr. Pickering was born in England, May 5, 1831, and came to __ 
the United States with his father when he was about nine years =” 
old. He attended the publie schools in New York City until thir- 4 ‘<, sn 
teen years of age, and then, for a short period, assisted his father, __ 
at that time engineer in the old Leonard Street Sugar House. Dur- Ss 
ing the serving of his apprenticeship he attended night school at _ 
Cooper Union, and following its completion became engineer at  =—_— 
Robert Marcher’s picture-frame factory in Twenty-sixth Street. 
While employed in that capacity, in 1861, he made the first Pick- 
ering governor, which was placed on a Fishkill Landing engine, 
the one giving power to the factory. His father at this time was - Be 
‘the proprietor of a tea store,-and for a time the manufacture of © is seg 
these governors was carried on by the inventor himself, on a foot- ae 
lathe, in the rear of the store. To of 
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- In 1865 the father and uncle of his wife furnished money with 
_ which to establish a shop for their manufacture, in Greene Street. 
Soon after, his father-in-law withdrawing, Mr. Pickering formed a 
_ partnership with Mr. John P. Davis (an uncle of his wife), under 
the firm name of Pickering & Davis. They continued in business 
_ together for ten years (the early velocipedes being largely made 
by them), and in 1870 moved to Portland, Conn., and built a shop 
and foundry at that place. Mr. Davis retired from the business 
in 1877, and Mr. John H. Hall purchased a majority interest in 
bores the firm, which was then called T. R. Pickering & Co. This part- 

nership continued until] 1888, when the Pickering Governor Com- 
_ pany was incorporated, the proprietorial interests remaining the 
same save in the purchase of a few shares by Mr. Richard H. 
Pascall, who had been for many years superintendent of the 
factory. Up to the time of Mr. Pickering’s death there was no 
further change in the business, except in the acquirement of a 
small interest by Mr. Stephen H. Hall, secretary of the company. 
Mr. Pickering was president of the corporation, though taking no 
active part in its management. 

His public life consisted for the greater part in his connection 
with the different expositions held throughout the world, com- 
mencing with the Paris Exposition of 1867, where he had charge 
of some of the mechanical exhibits. In Vienna, in 1873, he was 
assistant to the commissioner, and had charge of the Machinery 
Department (for the United States); at Philadelphia, in 1876, he 
was agent for the State of Connecticut ; in Paris, in 1878, he was 
assistant to the commissioner, and had charge of American 
machinery ; and at Melbourne, in 1882, he acted as agent of the 
United States. For these services he received generous and 
valuable testimonials. 

He was for years universally respected in the town of Portland 
as one of its most prominent citizens, and his death will be very 
greatly felt in that community. He had never taken any special 
interest in politics, but in November, 1894, was nominated and 
elected senator from the Twenty-second District of Connecticut, 
taking his seat on January 9, 1895, and fulfilling his duties in that 
capacity up to within a few days of the time of his death. He was 
a member of the American Society of Mechanical Engineers from 


actions. His death occurred just at the close of a two years’ 


the beginning, and contributed some valuable matter to its Zrans-_ 


term of office as vice-president of the Society, 
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- Mr. Pickering was twice married. He had two children by his 
first wife, both of whom died before him. His second wife, to 
whom he was married in 1859, and one grandson alone survive 
him. 

CHARLES E. LIPBE. 

Mr. Charles E. Lipe, who joined the Society as a member on 
June 13, 1883, was born at Fort Plain, N. Y., on March 20, 1851, 
and died at his home in Syracuse, after a brief illness, on March 
17, 1895. His preparation for entering college was gained in the 
common school and at the seminary in his native village, and 
such as a farmer’s son can acquire at home; and he was one of 
the six hundred who entered Cornell University at its opening in 
1868. His course was that known then as “ Mechanic Arts,” and 
although he graduated as Bachelor of Mechanical Engineering in 
1873, the course was originally designed to be, and was, in a great 
measure, a practical one. 

Being possessed of the rare combination of a mechanical mind 
and a commercial one, his every move in study and work, inven- 
tion and design, partook of the practical. From some cause one 
of the first machines set at work at the university was a Brown 
& Sharpe milling machine, and in his work, which was usually 
experimental, his sole machine tools were a milling machine and 
foot lathe ; and from the first day of his mechanical experience to 
the last, where the first thought of other mechanics would be, 
“What part of this can Ido in the lathe?” with Mr. Lipe the 
question was, What part of this can I do with a milling machine? 
and ten or fifteen years before others seemed to realize the fact, 
or while others insisted that the milling machine was adapted to 
small work and not to large, his frequent remark was, “ That no one 
knew, because no one had ever built a milling machine for large 
work.” While he became known to the mechanics of the country 
through his milling machine, his first work after leaving the 
university was with the civil engineers on the U. I. & E. B.R., 
afterwards with the Bradley Company of Syracuse and the Reming- 
ton Company of Ilion, perfecting the Spooner Water Meter, and 
its Foundry Moulding Machines for its manufacture. 

He was then engaged for several years in the inventing, build- 
ing, and introducing broom-making machinery, having invented 
the first successful machine for sewing brooms, during which time 


-- he located bis shop in Syracuse, and devised, among other things, 


milling machine known his name. 
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While Mr. Lipe did not possess the faculty of turning the 
baser metals into gold, he was the prime factor in turning the 
crude invention of others into working machines. The Marvin 
Electric Rock Drill, The Moyer Hub Boring Machine, The Engel- 
berg Rice and Coffee Huller, and other Syracuse industries owe 
their success to his mechanical skill, and the far more rare quality, 
that of machine designer. 

He died in what appeared to be the prime of life, with a broad 
field of work in anticipation. He had the designs partly devel- 
oped for what he conceived to be a milling machine for large 
work, with features as original in conception as the machine was 


to be unique in size. 


JOHN H. WEBSTER 


The loss of such a man as Mr. Webster is deeply felt. The 
story of his life is marked by youthful determination, ability, and 
actual accomplishment. He was born in Boston in 1850. At 
the age of fourteen years he commenced his mechanical career, 
having graduated from the high school at Medford, Mass., the 
year previous. He first spent about four years in a machine 
shop, then a year at pattern-making, and at the age of nineteen 
was a member of a firm of pattern-makers. At twenty he was in 
charge of works manufacturing artificial stone. A few years were 
then spent in designing and building general machinery, after 
which he was made chief draftsman at the Standard Sugar 
Refinery of Boston. He was assistant superintendent three 
years, then superintendent until the formation of the American 
Sugar Refining Company, of which he was made superintending 
and constructing engineer, holding that position at the time of 
his death. 

He joined the Massachusetts Charitable Mechanics’ Associa- 
tion in January, 1882. He was on the Board of Government 
three years, and at the exhibition in 1887 acted as assistant 
to the manager, Mr. Haynes. He became a member of the 
American Society of Mechanical Engineers in May, 1885. 

His devotion to the interests committed to his charge was 
incessant and unremitting. He was a noble example of sterling 
manhood, faithful to every trust, beloved by all who knew him. 

He died in New York, after a brief illness, at the age of forty- 
five years. His funeral services were held at his residence in 
Roxbury, Mass. His father and one son survive him. 
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EDWARD CLEMENT FRENCH. 


_ Mr. French was born February 18, 1858, in Bergen, N. J. He x 
prepared himself for his life work by special courses in chemistry 
at Harvard College and at Worcester Institute in 1882-88, andin 
the latter year became assistant to the Superintendent of the = 
Deseronto Chemical Works, and afterwards manager, making a 
specialty of the distillation of wood, the manufacture of acetic = 
acid, the acetates, wood alcohol, etc., and also superintending the — oS 
Deseronto Gas Company, which was owned by the Rathbun 
Company of Deseronto. The planning and superintending of the — 
plant and buildings for these two undertakings were almost 
entirely the work of Mr. French. He became connected with the 
Society at the Erie meeting, in May, 1889, and died April 19, 
1895, after nearly two years of failing health, as a consequence 
of consumption. 


ARTHUR MELLEN WELLINGTON. 


Mr. Wellington was born in Waltham, Mass., December 20, 
1847. He graduated in 1863 from the Boston Latin School, and 
for three years was apprenticed as an articled student to Mr. 
John B. Henck, of Boston, well known as the author of the 
Handbook for Engineers. He passed an examination for the 
navy as assistant engineer, but was never assigned to duty, by — 
reason of the close of the civil war. From 1868 to 1873 he was 
engaged in railway work, in which his principal reputation was 
won. In 1878 he became principal assistant to Mr. Charles 
Latimer, Chief Engineer of the New York, Pennsylvania, and re 
Ohio Railway, and it was in the summer of that year that, by the Ri 
courtesy of Mr. Charles Paine, Chief Engineer and General Man- 
ager of the Lake Shore and Michigan Southern Railroad, Mr. — hes 
Wellington was enabled to make an extended series of experi- 
ments on the resistance of rolling stock, and also upon journal — 
friction. From 1881 to 1884 he was engineer, first, of the Mexi- 
can National Railway, and later of the Mexican Central Railway. pees 

Mr. Wellington, however, has been most widely known from we ae 
his connection with the literary side of engineering. His first | 2 a 
book, issued in 1874, entitled Zhe Computation of Earthwork = 
from Diagrams, was succeeded by his monumental volume upon 
the Economic Theory of the Location of Railways. This was 
developed from a series of articles in the Radroad Gazette wae 
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1876 into a small duodecimo in 1877, and in 1887 the larger and 
more comprehensive second edition redeemed the promise of the 
earlier one, which was itself an achievement. In 1884, upon his 
return from Mexico, Mr. Wellington became one of the editors of 
the Railroad Gazette, and in 1887 he became part owner and one 
of the editors of Hngineering News, combining with the duty 
occasional service as consulting engineer upon important works. 
He connected himself with this Society in 1889, although his 
principal professional interest lay in the field of civil engineering. 

Mr. Wellington was a man of indomitable energy, and with a 
physique which he seemed to be able to strain without injury far 
beyond the limits permitted to most persons. His industry was 
tremendous, but his devotion in the last years of his life to a 
special mechanical problem resulted ultimately in his being com- 
pelled, in 1894, to abandon his work for a trip to Europe. After 
a successful operation in May, he died of heart failure, May 16, 
1895. 

WILLIS C. JONES. 

Mr. Jones entered the profession of mechanical engineering 
through the practical side. He began his apprenticeship at the 
Chapman Valve Company of Springfield, Mass., and served as 
journeyman and tool-maker for nine years with New Eng- 
land firms engaged in manufacturing of steam and hydraulic 
machinery. Going West, he entered the Rose Polytechnic In- 
stitute at Terre Haute, Ind., first as workman, rising to foreman, 
and later to become instructor; from thence he moved to 
Cincinnati, and engaged with Lodge, Barker & Co., the Universal 
Radial Drill Company, and as superintendent of the firm P. G. 
March & Co. At the time he connected himself with the Society 
at the Philadeiphia meeting in 1887, he was a member of the firm 
Jones & Rogers, of the latter city, and since that time has been 
in various individual relations in different cities. Failing health 
compelled him to retire to his old home in Massachusetts, and he 
died at Barnstable, August 19, 1895. 


RALPH HART TWEDDELL. 


Mr. Tweddell is best known in America for the active part he 
has taken among the English tool-builders in the development of 
hydraulic tools. He was born at South Shields, in England, May 
25, 1842, and was at first prepared at school for the Royal Military 
Academy at Woolwich. His strong mechanical bent led to his 


: 
4 
| 
ale: 
= 
3 
rig 4 
4 
4 
4 
. 


abandoning a military career, and he became an apprentice with 
R. & W. Hawthorn, at Newcastle. His first patent, in 1863, for a 
hydraulic tube fixer, was taken while articled in the shop. 

The first hydraulic riveter was begun in 1865, when the 
increasing steam pressures in use at sea made increased diffi- 
culty in working with the thicker plates. This first machine 
operated with a pressure of 1,500 pounds per square inch, and did 
the work at about one-seventh the cost of the previous hand- 
work. This machine had a small accumulator, which fell with 
- stroke of the lever, producing an intensified pressure at the 

i. moment of tightest closure. It has been estimated that these 
hydraulic riveters are considerable factors in the increase of 
ea! -_~pressures within the last thirty years from 40 to 200 pounds of 
working pressure. In 1871 Mr. Tweddell designed his portable 
-_-riveter, and from 1873 forward much of the largest and heaviest 
an work on bridges has been done by his machines or their 
A writer in London Engineering says that a speed 
. of 20 rivets per minute can be obtained, and 5,000 in 9} hours, 
on straight work, or a steady average of from 1,800 to 2,000 in 
_ irregular work, with a saving of from 50 to 60 per cent, over 
work. 
The hydraulic system extended itself in 1876 to the shipyards 
in France, to the locomotive and railway shops of the United 
Kingdom, and has served as suggestions for much of the hydraulic 
machinery constructed in America. 

Mr. Tweddell received the Telford medal from the Institution 
of Civil Engineers of Great Britain for his paper on hydraulic 
tools and appliances, and the Bessemer premium and the medal 
33) _ from the Society of Arts. He exhibited in Philadelphia in 1876, 

in Paris in 1878, and his last honor was the John Scott medal 

from the Franklin Institute of Philadelphia. He became a mem- 

_ ber of this Society at the Chicago Convention in 1893, and was 

a connected also with the engineering societies of his own country 
be and of France. He died September 3, 1895. 
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